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(57) Abstract 

Stimulation of T cells to respond to self antigens is achieved through a blockade of CTLA-4 signaling. CTLA-4 blocking agents 
are combined with antigen preparations, either alone or with additional immune response stimulating agents, in costhnulation strategies to 
break immune tolerance and stimulate an enhanced T-cell response against self antigens. This enhanced response is useful for the treatment 
of non-immunogenic and poorty-immunogenic tumors, as well as other medical conditions requiring selective tissue ablation. 
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USING CTLA-4 BLOCKING AGENTS 
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This invention was made with government support under Contract Nos. 
CA 40041 and CA 09179 awarded by the National Institutes of Health. The 
Government has certain rights in this invention. 



fYiKs-Refer ™™ to Relate Applications 

This application is a continuation-in-part of U.S. Provisional Patent 
Application Serial No. 60/110,761, and is a continuation-in-part of U.S. Patent 
Application Serial No. 08/760,288, filed December 4, 1996. 



Introduction 

Putting immunotherapy into practice is a highly desired goal in the 
treatmentofhuman disease. It promises a specificity of action that is rarely found 
with the use of conventional drugs. The basis for immunotherapy is the 
15 manipulation of the immune response, particularly the responses of T cells. 
T cells possess complex and subtle systems for controlling their interactions, 
utilizing numerous receptors and soluble factors for the process. The effect that 
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any particular signal will have on the immune response may vary, depending on 
the factors, receptors and counter-receptors that are involved. 

Full activation of T cells requires not only an antigen-specific s.gnal 
through the T cell antigen receptor (TCR), but also additional signaling through 
5 co-stimulatory surface molecules such as CD28. The ligands for CD28 are the 
B7-1 (CD80) and B7-2 (CD86) proteins, which are expressed on antigen- 
presenting cells such as dendritic cells, activated B cells or monocytes. 
StimulationofTcellsbyantigenintheabsenceofsuchco-stimulatorysignalscan 

result in unproductive T cell stimulation or T cell tolerance. The lack of 
10 expression of B7 by tumor cells, for example, is one factor that can contribute to 
their failure to elicit productive immune responses. 

The pathways for down-regulating responses are as important as those 
required for activation. Thymic education leading to peripheral T cell tolerance 
is one mechanism for preventing an immune response to a particular antigen. 
1 5 Other mechanisms, such as secretion of suppressive cytokines, are also known. 
Morerecently,CTLA-4 was identified as a second T cell counter-receptor for B7, 
and has now been shown to play a critical role in attenuating T cell responses. 
Thompson and Allison, Immunity 7:445-450 (1997). 

Non-immunogenic or poorly-immunogenic tumors present special 
20 challenges. Absent or ineffective altered antigens or viral antigens prevent the 
activation of an antigen-specific T cell response, allowing the tumor to grow 
unimpeded. Strategies for mounting a cytotoxic immune response to these types 
of tumor cells are also complicated by the body 's natural immune tolerance to self 
antigens that are present in both normal and tumor cells. Overcoming immune 
25 tolerance may therefore be necessary in order to mount an effective cytotoxic T 
cellresponse.Todate.however.asafeandeffectivememodforbrealdnginmiune 

tolerance and stimulating autoreactive T cells has yet to be devised. 

Itwould be advantageous if, in the treatment of infections and tumors, one 
could activate a strong cellular immune response through the manipulation of 
30 receptors involved in co-stimulation. A further advantage would be gained if one 
could break immune tolerance for a desired self antigen. 
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The use of B7 protein in mediating anti-tumor immunity is described in 
Chen et al ( 1 992) CeH 71: 1093-1 102 and Townsend and Allison (1 993) Sejence 
259368. Sehwa rt z(1992)CeU71:1065 reviews the role of CD28, CTLA-4 and 
B7 in IL-2 production and immunotherapy. Harding et al. (1994) Nature 
356:607-609 demonstrates that CD28 mediated signaling co-stimulates munne 
T cells and prevents the induction of anergy in T cell clones. 

CTLA-4 is a T cell surface molecule that was originally identified by 
differential screening of a murine cytolytic T cell cDNA library, Brunet et al. 
(1 987) Nature 328:267-270. The role of CTLA-4 as a second receptor for B7 .s 
discussed in Linsley et al (1991) Orf "4:561-569. Freeman et al. 
(1993)Scien^262:907-909discussesCTLA^ in B7 deficient mice. Ugands 
for CTLA-4 are described in Lenschow et al. (1 993) RNAJL 90: 1 1054-1 1058. 

Linsley et al. (1992) Science 257:792-795 describes immunosuppression 
in wvo by a soluble form of CTLA-4. Lenschow et al. (1992) Sd^S 
257 789-792 discusses long term survival of pancreatic islet grafts induced by 
CTLA-4Ig It is suggested in Walunas et al. (1994) Inanity 1:405-413, that 
CTLA^canfunctionasanegativeregulatorofTcell activation. Thompsonand 

CTLA-4 serves to attenuate T cell responses. 

Summary of fr * Invention 

Methods andcompositionsareprovidedforstimulatingTcellstorespond 

to self antigens, through a blockade of CTLA-4 signaling. CTLA-4 blocking 
agents are combined with self antigen preparations and optionally addnnonal 
immuneresponses^^ 

toleranceandstimulateanenhancedT-cellresponseagainstmesel^ 
enhanced response is useful for the treatment of non-immunogemc and poorly- 
im m uno g enic tumors, as well as other medical conditions requiring selects 
tissue ablation. 

l„o n e a spectoflhei„v e ntion,aCTLA-4blockingagentisco m bined»,th 
a self antigen preparation comprising a tumor cel. vaccine for the tumor of 
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taK re*. ,n.^^yp^cncd™bodmcn,>.«»nK>r«nva« i .ecompri«s 
radiated tumor ells transduced ,0 express cytokines such as 
p ri^ g ofT«U S b y an« g e»P^n g cen S (APCs).Al^v« 1 y,punf 1 eds d f 

5 antigen or a mhriure of self antigens may be combine* wirh CTLA-4 blcektug 
agents, eiflrer alone or in combination wilh other immune response stimulaung 
agents such as adjuvants or dendritic cells. 

pripf nescription " f * h * Hrawings 
l0 Figure lAisa graph illustrating the In vivo growth of the tumor cell lm« 

V51Bliml0m 1 hepre OT c,orabsenccofan,n X »diesdirec«edagains.CTLA-.or 

CD28 Figure IB is a graph illustrating the average tumor size in rn.ee mjected 
wid, 2 * 10- VSlBlimlO cells and antibodies. Figure 1C is a graph illustratmg 
individual tumor growth size in mice injected with V51BlimlO colls. 
15 Figure 2 is a graph showing the in vivo growth of B7-5 IBLim.O tumors 

in the presence or absence of antibodies directed against CTLA-4 or CD28. 

Figure 3 shows the rejection of wild-type colon carcinoma cells by nuce 
pre viously B ea.edwimV51BLiml0ce.l S andan.i-CTLA-4anribody. 

F igure4show S megrow 1 hofe SB blishedmmorsafter tt eam,e„.wimau„- 

20 CTLA-4 antibody. 

Figure 5 shows the growth of the murine fibrosarcoma SAIN m the 

absence or presence of anti-CTLA-4 antibodies. 

Figures6Ato6Emus^ 
in the response of T cells to peptide antigens. 
25 Figures 7A to 7F illustrate the effect of CTLA-4 blockade on class 

switching. 

Figure 8 shows the effect of delaying the CTLA-4 blockade on a 

fibrosarcoma. . 

Figure 9 shows the effect of treating a mammary carcinoma wUh ant.- 
30 CTLA-4 alone, GM-CSF transduced cells alone or a combination thereof. 
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FigureslOAandlOBdemonstratethecffectof delayed CTLA-4 blockade 

on a renal carcinoma. 

Figure 1 1 shows the effect of CTLA-4 blockade treatment alone or in 
combination with immunization with irradiated B16 tumor cells on B16 tumors. 

Figure 12 shows the effect of combining the CTLA-4 blockade with 

irradiated B16 cells and/or cytokine treatment. 

Figuresl3Aandl3B S howtheeffectofCTLA-4blockadetreatmentalone 

or in combination with irradiated B16-BL6 cells transduced with GM-CSF on 

B16-BL6 tumors. 

FigureHdemonstratesIFNYproductionbyBlo-specificTcellsinduced 



30 



in vivo. 



Figurel5showsthesurvivalrateofmicebearingB16-F101ungmetastases 

when treated with CTLA-4 blockade and F10/GM vaccine. 

Figurel6AshowsmatTRAMPmicetreatedwithTRAMP-C vaccines and 

anti-CTLA-4 have a lower tumor incidence than control-treated animals. 

Figure 16B shows tumor incidence as a function of age at the time of 
treatmenMemonstratingasigniftcantreductionin tumor incidence in mice treated 
at 14 weeks of age but not in mice treated at 16 weeks of age. 

Figure 17A demonstrates the reduction in severity of prostatic lesions in 

TRAMP mice treated with TRAMP-C vaccines and anti-CTLA-4. 

Figurel7BshowsmatTllAMPmicetreatedwithGMTRAMP-Cl/C2and 

anti-CTLA-4 had a reduction in tumor grade when treated at 14 weeks of age but 

not when treated at 1 6 weeks. 

Figure 18 shows IFN-y production after peptide stimulation in vivo. 
Figurel9showsB16melanomatomorgrowminpeptide-irnmunizedmice 

with and without CTLA-4 blockade. 

n^hase Referee fig Nucleotide apd Amino Acid Sequences 

The complete cDNA sequence of human CTLA-1 has the Genbank 
accession number L15006. The region of amino acids 1-37 is the leader peptide; 
38-161 is the extracellular V-like domain; 1 62-1 87 is the transmembrane domam; 
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and 1 88-223 is the cytoplasmic domain. Variants of the nucleotide sequence have 
been reported, including a G to A transition at position 49, a C to T transition at 
position 272, and an A to G transition at position 439. The complete DNA 
sequence of mouse CTLA-4 has the EMBL accession number X057 19 (Brunet et 
5 al. (1987) Nature 328:267-270). The region of amino acids 1-35 is the leader 
peptide. 

The complete DNA sequence of human B7-1 (CD80) has the Genbank 
accession number X60958; the accession number for the mouse sequence is 
X60958; the accession number for the rat sequence is U05593. The complete 

10 cDNA sequence of human B7-2 (CD86) has the Genbank accession number 
L25259; the accession number for the mouse sequence is L25606. 

The genes encoding CD28 have been extensively characterized. The 
chicken mRNA sequence has the Genbank accession number X67915. The rat 
mRNAsequencehastheGenbankaccessionnumberX55288. The human mRNA 

15 sequence has the Genbank accession number J02988. The mouse mRNA 
sequence has the Genbank accession number M34536. 

Detailed Descr i ption of th e Invention 

Methods and compositions are provided for stimulating a T cell response 
20 toselfanrigens.CTLA-4blockingagentsareemployedincostimulationstrategies 

to activate existing autoreactive T cells and/or naive T cells to respond to self 
antigens, selectively abrogating immune tolerance. A self antigen preparation is 
administered with the subject blocking agents to help stimulate an autoreactive 
peripheral T cell response. Preferred self antigen preparations include purified 

25 protein, lysates from tumor cells, or tumor vaccines comprising irradiated tumor 
cells. Of particular interest are tumor vaccines transduced with genes of interest, 
such as genes encoding for cytokines that stimulate antigen presenting cells, e.g. 
granulocyte-macrophagecolonystimulatingfactor(GM-CSF), macrophage colony 
stimulating factor (M-CSF), or granulocyte colony stimulating factor (G-CSF). 

30 Additional and alternative costimulation strategies are described in more detail 
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herein. The subject invention is useful in the treatment of poorly-immunogenic 
and non-immunogenic tumors, as well as in tissue ablation techniques in general. 

The subject therapy releases T cells from inhibitory signals mediated 
through CTLA-4. It is thought that CTLA-4 engagement down-regulates T cell 
5 re^nsesbyraismgmethresholdofsignalsneeded 

or may also play a role in terminating ongoing T cell responses. The T cell 
responses antigen and co-stimulatory^^ 

the presence of CTLA-4 blocking agents. When employed in an appropriate 
costimulation strategy, CTLA-4 blockade stimulates low-avidity autoreactive T 
10 cells and/or naive T cells to respond to the self antigen. The subject methods do 
not promote a generalized proliferation of unstimulated T cells. 

The subject methods are useful where there is an inadequate T cell 
mediated response to an antigenic stimulus for an intended purpose. /« vivo T cell 
mediatedresponsesinclude^ 
15 antibody responses, particularly those involving class switching of 
immunoglobulin isotypes. The antigenic stimulus may be the presence of viral 
antigens on infected cells; tumor cells that express proteins or combinations of 
proteins in an unnatural context; parasitic or bacterial infection; or an 
immunization^, vac^^ 
20 subject methods are used to increase the response of cultured T cells to antigen. 
Such activated T cells find use in adoptive immunotherapy, to study the 
mechanisms of activation, in drug screening, etc. 

Situations characterized by deficient host T cell response to antigen 
include chronic infections, tumors, immunization with peptide vaccines, and the 
25 like. Administration of the subject CTLA-4 blockers to such hosts specifically 
changes the phenotype of activated T cells, resulting in increased response to 
antigen mediated activation. Treatment of primates, more particularly humans is 
of interest, but other mammals may also benefit from treatment, particularly 
domestic animals such as equine, bovine, ovine, feline, canine, murine, 
30 lagomorpha, and the like. 
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Thefonnulationisadministeredatadoseeffectivetoincrea^ 
of T cells to antigenic stimulation. The response of activated T cells will be 
affected by the subject treatment to a greater extent than resting T cells. The 
determination of the T cell response will vary with the condition that is bemg 
treated. Useful measures of T cell activity are proliferation, the release of 
cytokmes,e.g.II^2JFNg,TNFa;Tcellexpressionofmarkerssucha S CD25and 

CD69; and other measures of T cell activity as known in the art. 

Selection and Preparation ofCTLA-4 Blocking Agents 
CTLA-4 blocking agents are molecules that specifically bind to the 
extracellular domain of CTLA-4 protein, and block the binding of CTLA-4 to its 
counter-receptors, e.g. CD80, CD86, etc. Usually the binding affinity of the 
blocking agent will be at least about 100 ||M. The blocking agent will be 
substantially unreactive with related molecules to CTLA-4, such as CD28 and 
omermembersoftheimmunoglobulinsuperfamily.MoleculessuchasCDSOand 

CD86 are therefore excluded asblocking agents. Further, blocking agents do not 
activate CTLA-4 signaling. Conveniently, this is achieved by the use of 
monovalent or bivalent binding molecules. It will be understood by one of sktil 
in the art that the following discussions of cross-reactivity and competmon 
between different molecules is intended to refer to molecules having the same 
species of origin, e.g. human CTLA-4 binds human CD80 and 86, etc. 

Candidate blocking agents are screened for their ability to meet tins 
criteria. Assays to determine affinity and specificity of binding are known in the 
art, includingcompetitiveandnon-competitive assays. Assays of interest mclude 
ELISA, RIA, How cytometry, etc. Binding assays may use purified or serm- 
purified CTLA-4 protein, or alternatively may use T cells that express CTLA-4, 
e g. cells transfected with an expression construct for CTLA-4; T cells that have 
be^stimulatedfc^ 
allogeneiccells^^ 

is bound to an insoluble support, e.g. microtiter plate, magnetic beads, etc. The 
candidate blocking agent and soluble, labeled CD80 or CD86 are added to the 
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cel ,s, and to unbound components are ten washed off. lb. abui* of the 
Mocking agen, ,0 compete with CD80 and CD86 for CTLA-4 binding . 
determined by quantitation of bound, labeled CD80 or CD86. Confirmation 4a. 
me blocking agen. does no. cross-react with CD28 may be performer, wtth a 

similar assay, substituting CD28 for CTLA-4. Suitable molecules will have a. 

M about 10. less binding to CD28 man ,0 CTLA-4, more usually a. leas, about 

10 4 less binding. 

Generally, a soluble monovalent or bivalent binding molecule wtll no. 
,c«iva.e CTLA-4 signaling. A functional assay ma. de.ec.s T cell activation may 
ta0 sedforeonfinna.ion.Forexam P .e,apopula«ionofTce.l S maybe S amu.. K d 

with irradiated allogeneic cells expressing CD80 or CD86, in the presence or 
a bseneeofmecandida.ebloek to gagen..Anage„t to .block^aLA^ S ignalmg 

„i,l cause an increase in the T cell activation, as measured by proliferation and 
cell cycle progression, release of HA upregulation of CD25 and CD69, etc. It 
„fflbeunde re .oodbyoneof S ki.lmthear.ti>a«expre SS inno„mesnrfaceofaeell, 

packaging in a liposome, adherence .o a panicle or well, ere. will increase me 

effective valency of a molecule. 

Blocking agents are peptides, small organic molecules, peptidomimetics, 
soluble T cell receptors, antibodies, or the like. Antibodies are a preferred 
WockingagentAntil^ 

e.g. F(ab% Fab, Fv; xenogeneic, allogeneic, syngeneic, or modified forms 

thereof, e.g. humanized, chimeric, etc. 

Inmany cases, theblockingagentwillbeanoligopeptide,e.g. antibody or 

ffcgmentm^of,^ 

and affinity may also be employed. Combinatorial libraries provide compounds 

other than oligopeptides that have the necessary binding charactenst.es. 

Generally, the affinity will be at least about 10 ', more usually about 10"* M, ue. 

binding affinities normally observed with specific monoclonal antibod.es. 

A number of screening assays are available for blocking agents. The 
componentsofsuch assays will typically include CTLA-4 protein; and optionally 
a CTLA-4 activating agent, e.g. CD80, CD86, etc. The assay mixture will also 
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uprise a ^ phannaco.ogica. agen,. Genera.., a p.ura.i., of assay 
natures are run i„ paraUa. with different agent concentrations ,o obtarn a 
differentia, response .0 Ihe various concentration, Typical.,, one o tireaa 
c „ M en m tions S erve S asa„c g ativecoo tt o.,i.e.a.zeroconcen tt ationorbe 1 o»,he 

5 level of detection, • ■ a 

Convenieotiy.intineseasaaysoneormoreofttremoiecmea^lbeprneti 

,„ a iabe., where tire labe. can direct., or indited, provide a detectable s,gna.. 
Various labe.s include radioisotopes, fluoresce* cbemilumineseers, enures, 
speciflc binding molecules, partic.es, eg. magnetic particles, and tire tike. 
10 speciflcbindingmo.ecu.esincludepaira.suchasbiotinands^vid.n.d.goxm 

and an.idig.xiu e,c. For tire speciflc binding members, me complementary 
mOT berwou.d»orma..ybelabe.eewimamolecu.ewhicbprovidesforde.ec.,o„, 

in accordance with known procedures. 

Onescreeningaasayofm.e^.isdireced.oagen^ma.inurferewmme 

15 acivationofCTLA^by^coumec-reoeptor, Quantitation ofactivation may be 
achteved by a number of methods known in the art. For examp.e, me inh.bn.on 
„f T ce.1 activario. may be denned by ,uan«itating cel. proliferation, release 
of cytokines, etc. 

Oher assays of in«rea are directed to agents ma, b.ock me bmdmg of 
20 CTLA-4 .0 its counter-receptor, The assay mixture wil. comprise at .ens. a 
portion of tire namral counter-receptor, or an oligopeptide ti,a« shares suffice* 
^cesmtihri^providespedficbh^andthecanm^p^h^ 
agent The o.igopeptide ma, be of an, lengtir amenab.e .0 the assay condmons 
and requirements, — * a. .east about 8 aa in .ength, and up ,0 the m..-,eng* 
25 proteinorfeionurereof. The CTLA-4 may be bound to an insoluble substrate. 
The substrate ma, be made in a wide variety of ma.eria.s and shapes eg. 

,„ minimize background and maximize signa, to noise ratio. Binding ma, be 
q „a„,im,edb,avarie V ofmemodsknowninmear..Afteranincubationpenod 

30 sufficient to a„ow me binding to reach equilibrium, tire insoluble support ts 
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washed, and the remaining label quantitated. Agents that interfere with binding 
will decrease the detected label. 

Candidate agents encompass numerous chemical classes, though typically 
they are organic molecules, preferably small organic compounds having a 
5 molecular weight of more than 50 and less than about 2,500 daltons. Candidate 
agents comprise functional groups necessary for structural interaction with 
proteins, particularly hydrogen bonding, and typically include at least an amine, 
carbonyl, hydroxyl, sulfhydryl or carboxyl group, preferably at least two of the 
functional chemical groups. The candidate agents often comprise cyclical carbon 
10 orheterocyclicstmcturesand/oraromaticorpolyaromaticstructures substituted 
with one or more of the above functional groups. Candidate agents are also found 
amongbiomolecules including peptides, saccharides, fattyacids, steroids, purines, 
pyrimidines, derivatives, structural analogs or combinations thereof. 

Candidate agents are obtained from a wide variety of sources including 
15 libraries of synthetic or natural compounds. For example, numerous means are 
available for random and directed synthesis of a wide variety of organic 
compounds and biomolecules, including expression of randomized 
oligonucleotides. Alternatively, libraries of natural compounds in the form of 
bacterial, fungal, plant and animal extracts are available or readily produced. 
20 Additionally, natural or synthetically produced libraries and compounds are 
readilymodified through conventional chemical, physical and biochemical means. 
Known pharmacological agents may be subjected to directed or random chemical 
modifications, such as acylation, alkylation, esterification, amidification to 

produce structural analogs. 
25 Avarietyofotherreagentsmaybeincludedinthescreeningassay. These 

include reagents like salts, neutral proteins, e.g. albumin, detergents, etc which 
may beused to facilitate optimal protein-DNA binding and/or reduce non-specific 
or background interactions. Also reagents that otherwise improve the efficiency 
of the assay, such as protease inhibitors, nuclease inhibitors, anti-microbial agents, 
30 etc. may be used. 
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Suitable antibodies for use as blocking agents are obtained by immunizing 
a host animal with peptides comprising all or a portion of CTLA-4 protein. 
Suitable host animals include mouse, rat, sheep, goat, hamster, rabbit, etc. The 
origin of the protein immunogen may be mouse, human, rat, monkey etc. The host 
5 animal will generally be a different species than the immunogen, e.g. mouse 
CTLA-4 used to immunize hamsters, human CTLA-4 to immunize mice, etc. The 
human and mouse CTLA-4 contain highly conserved stretches in the extracellular 
domain (Harper etal (1991) J. Immunol. 147:1037-1044). Peptides derived from 
such highly conserved regions may be used as immunogens to generate cross- 

10 specific antibodies. 

The immunogen may comprise the complete protein, or fragments and 
derivatives thereof. Preferred immunogens comprise all or a part of the 
extracellular domain of human CTLA-4 (amino acid residues 38-161), where 
these residues contain the post-translation modifications, such as glycosylation, 

1 5 found on the native CTLA-4. Immunogens comprising the extracellular domain 
are produced in a variety of ways known in the art, eg. expression of cloned genes 
using conventional recombinant methods, isolation from T cells, sorted cell 
populations expressing high levels of CTLA-4, etc. 

Where expression of a recombinant or modified protein is desired, a vector 

20 encoding the desired portion of CTLA-4 will be used. Generally, an expression 
vector will be designed so that the extracellular domain of the CTLA-4 molecule 
is on the surface of a transfected cell, or alternatively, the extracellular domain is 
secreted from the cell. When the extracellular domain is to be secreted, the coding 
sequence for the extracellular domain will be fused, in frame, with sequences that 

25 permit secretion, including a signal peptide. Signal peptides may be exogenous 
or native. A fusion protein of interest for immunization joins the CTLA-4 
extracellular domain to the constant region of an immunoglobulin. For example, 
a fusion protein comprising the extracellular domain of mouse CTLA-4 joined to 
the hinge region of human Cgl (hinge-CH2-CH3) domain may be used to 
30 immunize hamsters. 
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Wh ro «heCrLA-4isU,be=x Pre sse<lo nt h e surfaceof*eceH,«hecpd ta6 

„. for die extracellular domain win be fused, in frame, with sequences 

a signai sequence. Such anehor sequences include «b« nauve CIU, 
, JLrbrane domain, or —brane domains from oti.es eel. surtrace 
pm.eins.e^.CDS.s.g.e-c.Monsece.^sfee.edwimmebum^CTLA- 

4 gene may be used ,0 immunize mine and general antibodies specrfic for me 

human CTLA-4 protein. 

Monoelonal antibodies am produced by eonventiona! technique, 
„ OenemUy.mespieenand/onympbnndesofanimmnnize 

a soume of plasma ceua. Tire p.asma oe.,s are immortal by fusron w»h 
^nmaeeUsropmdncehybridomaeeUs.CnimresnpemaUn.ftomindrv.duai 

k^domas is screened using srandard .echniques ,0 identify those producrng 
antibodies win, tire desired speciffcify. Suifab.e animals for production of 
15 m „„<x ; lona.a».fl^i«.od.ehnma„p ro .eminc ta demonse,ra,,»ams.er,«. To 

^^ieaagainsf^n^pm^^^-' 1 ^^"; 
guinea pig, rabbi, efc. The antibody may be purified from fire hybndonra ceti 
s upernaUn K or asoi.es fluid by conventional .echniques, ,g. affinity 

k ...h,. CTLA-4 bound to an insoluble support, protein A 
chromatography using lila-i oouuu 

20 sepharose, etc, . 

The antibody may be prodneed as a single chain, instead of Ore norma 
^timericshucmre. Single chain antibodies are descried in Jos. e, aL (.994) 
,BC 269:26267-73, and otirers. DNAsequences encoding me variable regron 
^heavvchainandfi.evariab.eregionofmeHgh.chamareliga.ed.oaspacer 

.noting a. leas, abou. 4 amino acids of small neufra. amino acids, inc udmg 
gly ci„e and/or serine. The prolein encoded by mis firsion allows assembly of a 
tactiona, variab.c region ma. retains .he specificity aim afflniry of .he original 

antibody. . . . . 

For in vfvn use, particularly for injection into humans, ,. .s desirable .0 

decrease Ore antigenic of tire blocking agent An immune response : of a 
rccipien, against tire blocking agen, will po.en«a,.y decrease tire period of ..me 
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Thenumanized antibody may be .h.produc. of an animm having transgenic 
hum an tanunogiobubn — region genes (see for example ln«e— , 
Paten, App.ica.ions WO 90/.0077 and WO 90/04036). AI— .y, me 
antibody of (merest may be engineered by recombinant DNA .echniques to 
su b S .im.emeCHl,CH2,CH3,bingedomains,a»d/ormefmmewor k doma 1 »w,,h 

the correspondtoghuman seqnence (see WO 92/02190). 

The use of Ig cDNA for construction of chimeric immunoglobuhn genes 
is known in the art (Liu « * (.987) ZMAJL »«439 and (.987) JJnumwL 
,39-3521). mPNA is isolated from a hybridoma or other cel. producng th. 

teP «.ymerasechamreac.io„us i ngspecincprimcm(U.S.Pa K n.no,4,683,.95 
and 4,683,202). Altemarively, a library is made and screened to isolate the 
sequence of interns,. The DNA sequence encoding me variable regron of.be 
-Wy is .hen fused «, human consfcn, region seqaences. The sequences o 
^con^n.regionsgenesmaybefoundmKabaU/u/. (.ttDfeW-rf 

regiongenesaremadHyavailablefromknown clones. The choice of iso.ypew.1. 

be guided b, the desired effector functions, such as comp.emen, frxahon or 
a c.iv^inan.Wy-depende„.ce..«.arcy.o.oxici W .P re ferred i so^a re .gO., 

, g 03 and lg04. Either of me human Ugh. chain consUn, regions, kappa or 
^bda, ma, be used. The chimeric, humanized anUbody is men expressed by 

conventional methods. 

Antibody fragment such as Fv, «*•), and Fab may be prepared by 
Cenvage of ft. in.a« protein. «* by protease or chemical cleavage. 
AUemarively, a truncated gene is desired. For examp.e, a chimeric gene 
encoding a portion o, the « .ragmen, wou.d ine.ude DNA sequences 
encoding .he CH. domain and hinge region of ft. H chain, followed by a 
translalional stop codon to yield the truncated molecule. 

Consensus sequences of H and L J regions may be used .0 des.pt 
oUgonucleorides for use as primers .0 introduce usefu. resuicion ai.es into .he 
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region for subsequent linkage ofV region segments ,o human C region segment,. 
CregioneDNAeanbemodinedbysitedireotedmuurgenesistoplecearesmctton 

site at the analogous position in the human sequence. 

Expression vector, include plasmids, retrovirus, YACs, EBV derived 
episomc am. me like. A convenient vector is one that encodes a functionally 
completehumanCHorCL^tmoglobu^ 

rites engineemd so that any VH or VL sequence can be easily inserted ami 
expressed. In such vectors, splicing usually occurs between the splice donor sue 
tatheinsertedJregionandmespliceacceptorsitepreccdingmehumanCregton, 

a*, also 'a. the splice regions ma, occur within the human CH exons. 
Po^denytotionandh^poonteenunanonocouratnativechromosotnaisttes 

downs^ofmeeodmgregions.Ttere^tingchimericantib.Kiymaybejomerl 
,„ any strong promoter, induding retroviral LTR,, ,g. SV-40 earty promoter, 
(Okayamae,u;.(1983)Mol£d^^ 
; ex al. (1982) EJiAjL 79:6777), and moloney murine leukemia vtrus LTR 
(Grosschedl er al. (1985) CsU 41:885); native lg promoters, etc. 

Immune Response Stimulating Agents 

The CTLA-4 blocking agent can be nsed alone or in combination with an 
0 immune response stimulating agent. As used herein, an "immune response 
stimulating agen," refeta to any agent which directly or indirectly stitnuiates a. 
tamune response in combination with a CTLA-4 blocking agent For example, 
^eresponsesdmmamrgagen^includeoy.okinesaawe.lasvariousanngens 

including tumot-specific antigens and antigens derived from pathogens. In 
, 5 addi.ton.tmm.n^responsestou^ 

cells, eg. tumor ce.ls tmnsduced with GM-CSF, as wel! as tumor ce,ls whtch 

have been itradiated and/o, treated with a chemotherapeutic agen. ex vivo or ,n 
As demonstrated by the examples provided herein, immune response 

stimulating agents can have a significant effect on tumor treatment when used ,» 
30 combination with a CTLA-4 blocking agent. 
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In some instances cellular debris from dead or dying tumor cells provides 
immune response stimulation which can be combined in vivo or ex vivo with a 
CTLA-4 blocking agent. The use of chemotherapeutic agents is an example of 
production of an immune response stimulating agent by indirect means. Use of 
a source to irradiate tumor cells ex vivo or in vivo also constitutes a method which 
indirectly produces immune response stimulating agents, as does surgical 
reductionorcytoreduction,androgenablatement (in prostate cancer)and estrogen 

ablatement (in breast cancer). 

The basis for use of chemotherapeutic agents and the like with CTLA-4 
blocking agents is as follows. As indicated in the examples, the CTLA-4 blockade 
works well with established tumors and increases the immunogenicity of 
irradiated tumor cells. This suggests that the CTLA-4 blockade can be combined 
with more conventional methods of cancer treatment to produce a synergistic 
effect. For example, the CTLA-4 blockade may be initiated shortly after treatment 
with a chemotherapeutic agent. The dose of the chemotherapeutic agent is 
adjusted to a level that kills a reasonable amount of the tumor mass and generates 
debris which act as an agent to stimulate an immune response by T cells as a result 
of CTLA-4 blockade. This allows the chemotherapeutic agent to be given at 
levels well below those now used to obtain maximal killing of the tumor cells, 

> since the immune response facilitated by CTLA-4 eliminates the residual tumor 
mass. This minimizes the often gruesome side effects, including 
immunosuppression, associated with the conventional application of 
chemotherapy. Similar considerations apply to radiotherapy and ablation 
therapies. In prostate cancer, for example, androgen ablatement may be followed 

> by surgical reduction and CTLA-4 blockade. The dose of chemotherapeutic agent 
or radiation if used in conjunction with a CTLA-4 blocking agent is preferably less 
than half, more preferably between 2-20%, and still more preferably between 5- 
10% of the dose usually used. 

When the CTLA-4 blocking agent is other than an antibody to the 
3 extracellular domain of CTLA-4 or a fragment thereof, e.g. Fab' fragment, such 
blocking agents can be used independently, i.e., without an immune response 
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stimulating agent. However, CTLA-4 blocking agents, especially those which 

used in combination with one or more immune response stimulating agents. 
CTLA-4 blocking agents may also be used in conjunction with radiation and/or 
chemotherapeutic treatment which indirectly produces immune response 
s,imulatingagent,Suchcombine4usecaninvolvemesimultaneousor 

use of CTLA-4 blocking agent and immune response stimulating agent and can 
occur at different sites. For example, the CTLA-4 blocking agent can be 
administered at a site away from a tumor after the tumor has been directly 
irradiated. Alternatively, a chemotherapeutic agent can be used to treat tumor 
cells either locally or systemically followed by use of a CTLA-4 blocking agent. 

The subject treatment may be performed in combination wtth 
administration of cytokines that stimulate antigen presenting cells, e.g. 
gr^ulocyte/macrophage colony-stimulating factor (GM-CSF), macrophage 
colony-stimulating factor (M-CSF), granulocyte colony-stimulatmg factor 
(G-CSF), interleukin 3 (IL-3), interleukin 12 (IL-12), etc. Additional protems 
and/orcytoldnesknowntoenhanceTcellprolife ra tionandsecretion,suchaslL^ 

IL-2, B7, anti-CD3 and anti-CD28 can be employed simultaneously or 
sequentially with the blocking agents to augment the immune response. 
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Tumor Antigens 

Tumor cells whose growth may be decreased by administration of the 
subject blocking agents include carcinomas e.g. adenocarcinomas, which may 
have a primary tumor site in the breast, ovary, endometrium, cervix, colon, lung, 
pancreas, esophagus, prostate, small bowel, rectum, uterus or stomach; and 
squamouscellcarcinomas.whichmayhaveaprimarysiteinthelungs.oralcav.ty, 

to ngue,larynx,eosopha^ 

Other classes of tumors that may be treated include sarcomas, e.g. myogemc 
sarcomas; neuromas; melanomas; leukemias, certain lymphomas, trophoblasUc 
and germ cell tumors; neuroendocrine and neuroectodermal tumors. 
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Tumors of interest include those that present tumor-specific antigens. 

«cmc antigen may be administered with the subject b.oc*„g ; » 
J lt bos, T ce„ response against the «. c* Sue anfigen 
potions may comprise purified protein, or tysates fiotn rumor cel., 

^ „, as an antigen for carcinoma, Epjthefia, membrane anfigen <W£ 
tauan embryonic anfigen (HBA-.25); buman mific fa, gmbu-es, MBr., W 
. BerEP4 17-1A.C26 and 116 are also kno»n carcinoma antigens. Desmmand 
0 I^eeifie aetm are anfigen, of myogenic sarcomas. P^me 
phosphatase, be*-buman chorionic gonadotropin, and atpba-fetoprotem am 
Lgens of trophobjasfic and germ cefi nunors. Prostate specific anfigen . - 
anrtgen of prostatic carcinomas, carcmoembryonic anfigen o eo.on 
, 5 ^carcinomas. HMB-45 is an antigen of me-anomas. .n cen,.ca, cance, 
^.anfigenacouidbeencodCbybumanpapmomavfiu, Cbromagmmn^ 

Ofpllm.emstamaggressivefim.mfi^.fonnsofidmn^r^sesbavmg 
LLc areas. Tbe .ysia of aueb necrotic ce„s is a rich sooree of anfigens for 

20 ^Z^m.beeomb to ^mme— offim-c* 
« tunam-mflHrafing ,ymphoc*es »ith genes encoding for variom , cornea ,* 

Townsend « m. (.993, 5^ 259:368-370). For exampte, „ baa been ho»n 

6483). The subject therapy enhances this effect. 

Tnnror-speciftc host T cefis may be combined ee *. with me sub,ect 
30 hloekingagen.s.ar.d.umoranfigensoreefisandreinfuse.m.omepatienr. When 
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in^^ion.Theh^ceUsmayb.isoU.cdfron.avarie.yofsour^.ch 
as .ynrph nodes, e.g. inguina., mesenteric, superficial dista. auxitiary, e,c, bone 
„ spleen; or peripheral blood, as weU as from the rumor, e.g. timror 

5 ForC rvivostou,a,iou,*ehos«eu 11 sareasep t icu.lyre m ov^,a„da re sus 1 ^ded 

in a„ysuiUb.en^a,a S kn.wnin«heart ^ cells are stimulated by any of a 

varies of ptotocols, particulate combinations of B7, anti-CD28, «c„ .» 
conrbmationwimmeblockingagen^Tbestimulatedcel^min^ucedUr^ 

boa, by injection, e.g. intravenous, urtraperironeal, *,c. in a varrery of 
,„ pharmaceutical formulations, including such additives aa binder, fillers, earners 
preservatives, stabilizing agents, emu.sifiers and buffers. Suitab.e diluents and 
excipients are water, saline, glucose and the like. 
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Self Antigens 

Of particular interest in the subjec, methods are poorly immunogente and 
provideade^reaatigemcsti^lation^ 

^.aselfantigencommontobomnormal^cancerousrissuecanbe^rgered, 

,„ this aspec, of the invention, a self antigen preparation is adminiaremd ,» 
combination with -he caA-4 blocking agents to help stimulate an autoreactive 
peripheral T cel. response against the cells expressing tire se.f antigen or gene 

""^The self antigen preparation may comprise a mixture of antigens, such as 
Mm „r .ysa.es or irradiate* tumor ce.l vaccines, as wen as purified antigen 
comprisingaspecir,cselfantigenofin t eres,(, g ..p ro .ein,carbohydm,eand.be 

m or a mixrure of self antigens. A "purified" antigen comprising a prorem ,s 
distinguished from natinally occurring protein by a, .east one or more 
characteristics. For examp,, theprorehr may be .sotareo or puriSedaway from 
sonre or a,, of tire proteins and compounds with which i, is normaUy assocrared 
ta its wild W e host, and thus may he substantia.., pure. For examp.e, a punfied 
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prott i„ is unaccompanied by a, ieast some of the material w«h whtch , M. 
M ^ ly a^a^i»i«»a^^ pre f OT bl,co»*«^».leas.*ou«03A, 

m „ K prefe a b 1 ya,.eas l abou.5%by W eigb«of.he.o,a. protein inagiven sample 

p^ein, with a, leas, abou. 80% being preferrerl, and a. leas, abou, 90% be,ng 

particularly preferred. 

Prefembly, the self antigen is a ussue-specific se.f antigen. Self anttgens 
M may find use in the subject therapy include tyrosinase, Kpl. <rp2, 
me.anA^Tl,gplOOa»iomerpro tt msinvo 1 vedmme.an i nsynmesis ; pmsm= 

speciflc antigen (PSA), prostatic acid phospbause (PAP), prostate spec* 
^braneantigentPMSAXpro^testemccHantigenffSC^proa^eorother 

prostate-specific gene products; Her2/neu or other mammary-spectftc gene 
-*» Additicna! self antigens that serve as targets for me immune responses 
ebcitedbytesubjectthempycanbeidentiftedbymemodswellknovminmear, 

such as expression cloning, » allow immunization against deftned antigens of 
ta0 wndis«nbudonandp ro videamorefocused im munercs^.Al.ema n ve.y, 

the antigen preparation ma, comprise modified self antigen or antigens or a 
X enogc„cicantigcn(,g.,mccorrespondingmurineversionofahumana„«ge»of 

interest) to assist in breaking immune tolerance .o the self antigen©. 

The immune response stimulating agents outlined above may also be 
iterated into tine subject therapy to augment the response to self anttgen. In 
a preferred embodiment, for example, the antigen preparation comprises firmer 

as genes encoding for cytokines mat stimulate antigen presenting cells, eg. 

stimulating factor (M-CSF), o, granulocyte colony stimulating factor (G-CSr). 
More conventional therapies sue* aa cbemothempy, radiotherapy or androgen 
ablation may a.so be employed to induce sufficient tumor cell dead, to achteve 
someprimingoffinuor-teactiveTeelK.sdiacuaaeriabove.Sm^Uriy.al^ 

costimulation suategies such aa dendritic cells pulsed with peptides or RNA .0 
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enhance expression of co-stimu.a.„ry Uganda o„ APCs, may also be emptoyed. 

The subjec. treatment provides a method for breaking immune roleranee 
^mounUnganefree.ivearrfeonh.Uedcvtoroxierespor^agarnsradesrredseK 

anUgen or antigens. This immuno.ogica. therapy win find pariicu,ar use vnth 
such as meUnoma, mammary eancer, testicular eaneer, ovanan ean« 
pI(Kt ate eaneer and the .ike who. toss or modif.ca.ion of some or all of the 
La, Ussue is an accept, or eve, a desirable, side ef.ee,. In - 
eu.bodiment, the subjee. — may be use. .o enhance or etTec, anugen 
ab ,a,emen, of a se.ec.e4 Ussue, as a prophy.ac.ic measure against c^oer 
aeve.opmen.orforo^n.edica.reasons.Animmuno.ogica.memod.fse.eCv 

tissue abatement offers considerable advances over more invasive surg.cn. 
"^Admin^.ionoftesubiec.blockingagen.smaybecontm-indiea^ 
15 ee^ain .ymphomas. .n par.icu.ar, T ee„ .ymphomas may no, bene* from 
increasedactivanon. CDSOanUgen is strong., expressed by the Reed-Stemberg 

T cells (Delabie et al (1993) Blood 82:2845-52). It has been suggested that the 
m cel, funcrion of Reed-Sremherg cells leads to T ce„ ac.iva.ion, and 

20 contributes to the Hodgkm's syndrome. 

Manyeonven.iona.cnncermerapies.suehaachemomerapyaudrad.a^n 

^via.eu.istoum^pressiontosomeex.en.apmferredcou.eofcombmed 
^men.v.musesuch.ympho.oriotherapiesbeforeoraneruresubjec.merapy. 
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Pathogen Antigens 

Thesubjec.b.ockingagen.snuybeadminis.eredto increase.be response 
„fTce..s«opamo 6 en, 1 nfec 1 ionswi,hcer,ainvin J se S becomechronicwhen,he 

„«, anti-vira, mechanisms fail. Such infections can persist for many years or 
evenmelife-.imeofu,einfeo.edhos t , and often cause serious disease. Chrome 

iufectlonsassociatedwimsignif.can.morbidi.yandear.ydeam.no.udemose^ 
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two human hepatitis virases, hepatitis B virus (HBV) and hepatitis C virus (HCC), 
which cause chronic hepatitis, cirrhosis and liver cancer. Other chronic viral 
infections in man include those with human retroviruses: human 
immunodeficiency viruses (HIV-1 and fflV-2) which cause AIDS and human T 

5 lymphotropic viruses (HTLV-1 and HTLV-2) which cause T cell leukemia and 
myelopathies. Infections with human herpes viruses including herpes simplex 
virus (HSV) types 1 and 2, Epstein Barr virus (EBV), cytomegalovirus (CMV) 
varicella-zoster virus (VZV) and human herpes virus 6 (HHV-6) are usually not 
eradicated by host mechanisms. Infection with other agents that replicate 

10 intracellularly, such as pathogenic protozoa, e.g. trypanosomes, malaria and 
toxoplasma gondii; bacteria, eg. mycobacteria, salmonella and listeria; and fungi, 
e.g. Candida; may also become chronic when host defense mechanisms fail to 
eliminate them. 

The subject blocking agents are administered to a patient suffering from 
1 5 such a chronic pathogen infection. To increase the immune response, it may be 
desirable to formulate the blocking agent with antigens derived from the pathogen. 
A variety of such antigens are known in the art, and available by isolation of the 
pathogen or expression by recombinant methods. Examples include HIV gp 120, 
HBV surface antigen, envelope and coat proteins of viruses, etc. 

20 

Adjuvants 

Adjuvants potentiate the immune response to an antigen. The CTLA-4 
blocking agents are used as an adjuvant to increase the activation of T cells, and 
to increase the class switching of antibody producing cells, thereby increasing the 

25 concentration of IgG class antibodies produced in response to the immunogen. 
The blocking agents are combined with an immunogen in a physiologically 
acceptable medium, in accordance with conventional techniques for employing 
adjuvants. The immunogen may be combined in a single formulation with the 
blocking agent, or may be administered separately. Immunogens include 

30 polysaccharides, proteins, protein fragments, haptens, etc. Of particular interest 
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is to use with peptide immuno gens. Peptide immunogens may incl.de tnmor 
antigens and viral antigens or fragmems .hereof, as described above. 

■toe use of the subject blocking agents in conjunction with genetic 
taction is alsoofinreresr. ADNA expression vector encoding a peptide or 

orskin. ThegeneproducKareeonecr.yglycosy.a.ed.foldedandexpressedbynre 
bos, cell. Toe merhod is advanUgeous where the antigens are difficul. .0 ob.a,n 
in to desired purity, anroun. or correcdy glycosylated form or when on.y to 
generic sequences are known eg. HCV. TVpicnlly.DNA is injected into muscles 

10 or delivered coated onto gold microbes into .he skin by a pat* 
foment device, a "gene gun". Geneuc immunization has demonsnared 
ilKhKti „„ of bod, a specific humoral b». also a more broadly reacting cellular 
imnmK response in animal models of cancer, mycoplasma, TO. malaria, an 
mmy virus infections inehdingmflnenzaamiHIV. See, for example, More, * 

l5 (,995)00^155:2039-46; XuandLiew(.995)Imm„nology84:173-o;and 

Davis et al. (1994) Vaccine 12:1503-9. 

Tbe subject blocking agents are used during tire immunizauon of 
.abom.oryanimals.e.jmice.m^hams.ers.mbb^erc.formon^lonafanHbody 

20 inaeasesd.epropor.ionofplasmacellsura.undergoclasssvntehmg. 

CILA-4 blockers are administered in virro to increase the ac.ivar.on of 
Tce..sinculmm,incMmga„ymv fl rno d leul«resys,em,.g.immo n nhze<lcen 

toes, primary cultures of mixed or purified cel. populations, non-transformed 
cefiM-c Of particular imems, are primal T ceU culmres, whem to cells ;may 
25 beremovedfinmapa«ien.oral.ogeneicdonor,s,imula tt dexv,Vo,andre.nfi.sed 

into the patient. 
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Administration and Formulation 

Various methods for administration may be employed. The CTLA-4 
blocking agent formulation may be injected intravascular*, subcutaneous*, 
peritoneally, etc. The dosage of the therapeutic formulation will vary widely, 
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depending upon the nahne of the disease, the fre,ue„cy of 

on known fcctora, such as the phannacodynamic characteristics of the parttcuta 
agentmodeaudtouteofadrainisria.ion.age.heairaandweigh.of.heractptcn, 

^and^tof^co^^^ofh^and 
effect desired. The dose may he administer* as infiet,uen,.y as week,, « 

cmre "»• , , „„„ .dailv dosage of acuve 

«, ,„ maintain an effective dosage level. Generally, a daily do g 

^fenfcanheaUufO, fo ■CKmgfcgofhody weigm. Dosage fotmssuttahle 

aeriveingtedieraperuoit The active mgradien, may vary from 0.5,0 95 /.h, 
„eightbase<fonthetotafweightofthecomposit.on. 

fnsonte cases Umay he desirahfe ,o ffmi. me period of treatment due* 
„ T eef proliferation. The limitauons will he empirically 

palm Uterypeofandgenurgetedhymesuhjecdrerapy.etc. ThenumhorofT 

iTmay hTLmlored in a patient h, methods known in the an, mehtdmg 

staining with T ce.l specific anfibodies and flow cytometry. 

ThesuhjectCfU.^h.ochcraaraprapareflas,o m manonsa.aneffecuve 

dosemph^c^^.enredia.feexamp.en.sma.sa.^veg^.e 
tolerahle fields, gel or sofid carriera, diluents, adjuvants and e^ 

TheCfLA^h.ockeramayheadministeredasacocltUtl.orasasmgleagent.For 
parenteral administrahon, dte Mocking agent may he formulated as a solutron 
snspension, emulsion or lyophilized powder in assocatton wt* 
p^ceutlcally acceprahle parenteral vehicle. Liposomes or no„-^ 
ehic.es, such as fixed oils, may also he used. The formulae ,s s,enl«ed hy 
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techniques as known in the art 
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The taction « of CTLA-4 blockade may a,so be M by .he 
^ of other agents that mimic one change in in.ra-ce.mlar signahng 
ohserved with * subject invenfion. For examp.e, « is known ft* spec, He 
^opUsr* kinases ma, be ae«va,eo in response ,0 binding of — ..ar 
5 rleprors. AE en B .ha.b. M k,hekinaaeae,i^»ou 1 dhaveasi m «arphys,o 1 og^. 

0TP concen.rn.ions and i»rraee Ita .ar calcium .eveU ean prodnee phys,oH,g,cm 
effecstha, are analagons to .hose observed „i,h ex—r reeep.or b,nd.ng. 

,0 The f 0 nowingexa mpl e S areofferedbywayofmusm..ionandno.byway 

of limitation. 

Ex perimental 

rrvAMPLE 1 

a ea!fflt m fi f^^ 

a, Preparation ofa Mouse CTLA-4 bnmunogen 

A fusion prouin comprising one extraceuular portrons of fte monse 
CaA^ge„eandu n eco, KB nrregionofb„n M .g< J l,.enr^r„CTXA4.H g .,was 

2Q trained from Drs. P. Lane and K. Karjalainen (Base, brsdhrre for tamunOogy, 
Base., Switzerland). An expression vector capable of express,^ 

(1W3)] . Briefly, sequences encoding dre extraocular portrons of fte moose 
CTLA^mo.eculeweregenem.ednsingPCR.Tbefo.lowingprimerpair^ 

25 ,o amplify these CTLA-4 sequences from a plasmid containing monse CTLA-4 

IDNO-1) ant. 5'-TATACTTACCAGAATCCG GGCATGGTTCTGGATCA-3 
(SEQ ID NO-.2). The amplified CTLA-4 seances were dten inserted mto an 
expression vector ,ha, pennHs the insertion of a gene of interest ups^eam of 
3„ S e q „encesencodin g .hehin g e,CH2andCH 3 doma.n S of,heh U ma„.gC. pro,e,n 

[Traunecker, e, a,. Trends niorec*. 9:109 (1991),. Each primer conramed 
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axons correctly. The ptoid conning sequences encodng .he mCTL A ^-H 9 
fusion pro,ei„ was termed pH p.AP.-l-neo-mCTLA4.Hgl. The am.no ae.o 
se q „ence.fn,«mCaA4-Hglpro.einisHs.edinSEQ.DNO:3 

Toexptess*ernCrLA4-Halprc.ein>epHPAPr-l-neo-rnCTLA4-Hgl 

exp.ss.on vee.or was transited into the moose pUsmaeyoma Hne I558L 
(K58L is identical ,o the J558 cell line whieh is available ftom ATCC [ATCC 
\m «D using one standard technic o, pro.op.as. K58L cells worn 

eoimred a. 5 x 10" censM. Transfected MM. * were then se,ec,ed m the 
presence of mediom containing xanrhine (Sigma) and mycopheooltc aerd 
Casern, LaJolla. CA) (selective mediom). The selective medium was 
a P plie J 24 ta a n er t mnsfec«onandposi.iv.c.ones( i .,clone S whiohgrewmu,e 

sciec.ivemed^we.screened^oweexs.a.er.aonesma.secre.endaems.on 
protein wereidentifredosinganEL.SAforhoman.gGl. Agoodsecretrngcione 
Lidentiftedanddesignatedcloneno. .5. Cloneno. ,5ce,,swereme.bo,^ly 

with protein A and the precipitated proteins were reserved on an 
porvacrylamide gel. The mCIT,A4-HBl protein was found to mtgrate on 
SDS-PAGE ge,s as a monomer of approximately 60,000 MW under reducmg 
conditions and as a dimernnder non-redocing conditions. 

PorifiedprepamtionsofmCTI.A4.Hgl protein wereobtemedbyaffinny 
cbromato^phy of cuUure sop— of Cone no. ,5 -r- 
A-Sepk^ose (Zymed, Sou* San Francisco, CA) colomn. Bnefiy, 
expressingmemCTLA^proteinwem grown in .MDM supplemented wrth 

M PCS, glotamine, 2ME and antibiotics Culture supernatant* were collected 
fiomthe cells and centrifuged at 1 5(H) xg to remove any remaining cel.s and Ore 
Canned supernatant waa filtered through a 0.4 micron pore size. The fr.tered 
supernatant was adjusted to pH 8.5 using IN NaOH; ore sopematen, was dten 
p a Ss edo,era2m,(^eWvolume)pr 0 ,ei„A-Se P harosee„.onma,anowra,eo 

2 mPmin. 1. is noted <ha, ft. "58 cell line produces an addmonal 
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inm ,unogfobulin (,e„ besides me — — « « * 

pI „tein G; therefore the use of protein O resins is no, rcoon^ded 
purif.ca.ion of the mCTLA4-Hgl protein from transfected 3558 CO Is. 

The protein A column was washed with 20 to 30 eolumn volumes of PBS 
s an0 the fusion protein was eluted with 50 mM ' ^ ™ 

Winter fractions were collected into tubes containing 0.2 m. .M Tns-HCl » 

used ,„ assess me prorein concentration ofeach ftacrion. Fractions cotiUum, 
^u were combined and dialyzed overnight against 2 to 3 changes of PBS 
,0 liter per change). Tbe presence of mCTLA4-Hgl protein was conftrmed by 
SBS-PAGE, which showed a hand of app— y 40 » 
^ecnurweigh-ofmefusionprofem). ,n addition, the pon«e mCOA^ 

HP6058 hybridoma (ATCC CPX .786) was used as me source of HP6058 
15 antibodies). 

b) Immunization of Hamsters 

Toinunnnizehams.erswimmemouseCn.A^fusionprote.n.punr.ed 

mCTLA4-Hgl protein (hereafter referred ,0 as CTLA-4.g) was u«d to co* 
20 MUMM — » ^ceUsCCaftrtoehem,^ 
CA). Six week old Golden Syrian hamsters (Harlan Sprague Daw*, 
„1 is.m.weremjectedinu.ef^adwimSO^fpaaedvo^ofh^ 

in 0.2 ml of PBS. The StaphA cells were coated as follows. 
„ s^hAce.lswereprep^da^rding.omemannfi.cmre.sprotoeo.0 

, • r™mo%NaCn One ml of the bacterial cell 
concentration of 10% w/v in sahne (0.9/. NaU). u 

■ t j „, , Jon. .to pellet the bacteria and the supernatant was 
S lunywascentrifugedall,400xgtopenei 

rem „ved. A 1 ralsoludoneontainlngapproximately .OOWOfpunfledCTLA^Ig 
n PBSwa S added,o,hepel,e,and,hem,rarewasincuh,eda,37Cfor2hour 

30 with agitation. The bacteria were then pelleted by cemriragation - 1 escribed 
ahove thepelletwaswashedrivicewith 1 m ,o,PBSMash.TheCTLA-4 I g-ca,ed 
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this oreparation was injected per footpad. 

' At oU 1 of fi v.in j « ti o„ S v,e regi ve n pe,ha mS ,e r .O nte a ay of tk e« 

5 jocular Weeding pe*n«d by the Offi« of Uborarory Amma. Care staff 

£T„ CaHf, Beriteiey). » — - — " — 

obtained by the identica. methodology prior to rhe fir* injee.ro-. 

ACTLA^WndingEUSAwasuHiized.o^^fi.epre.neeof 

10 Meed. The CTLA-4Ig binding EUSA was conduced aa fcHows 0£* 
fcsion protein or OMfg fusion protein was nsed ,0 coa, fire wens of 96 
modified flatbottom ELISA plates (Corning, Corning, NY). 

CMg is a M- pro* that consists of the e>traceH„iar domatn of 

15 er a,., supra.,; the CD4,g protein was use, as a „cga„v. ~"<£™ 
The CD4Ig fusion protein was prepared from aansfected BM* - 
^by^cnron^pnyon^ASe^as^foruao 

m CTLA4-Hu 1 (i.e.,teCTLA-4Ig)fusiou protein in secuon (a) above. 
20 0 4%ge 1 a,in i nPBSwerep 1 aceuinn,ewe,,,mp.a.eswe,eincuba,ed»3^C 

for M hours to *w the proteius ,0 absorb; tbe piares were then washed duee 
ior z :> iwuio Tw*-en-20 The remaining 

• „ 1 til of 0 9% NaCl containing 0.05% Tween zu. 

25 sras he4twicewiU,0.9%NaClconU.nrng0.05/.Tween2O ry 

^„ncon^ m fiCTLA4anuT^(i.e..^^— — 

puHSed antibodies o, cuiture ^ - — - «""- "* * 
^pUtes were incubared for 2-3 houm a, 37X. To assess the amount » 

. ii ^ „^ t^tedusine dilutions ranging from l.iuwxo 
30 post-immunization bleeds were tested using o 

1:100 (diluted into PBS containing 0.4% gelatin). 
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Tfce „ells were then washed tee dn.es using .50 0 of 0.9% NaCI 

0.05% Tween-20. Fifty »~ - ■ -*» — ~ 

^ * *e we»s and the pla.es we, incubared for , hour a, 3 C. The 
„ere .hen washed four Hn.es wi* 0.9% Nad containing 0.05% Tween-20. A 

solutio „ con.aining 0.55 mg/n,, ABTS 
(j.^hen^ia^Kne^onic^ineih.^ertO.lMo^ac.d^ 

4 3 5 ),wasaddedand,hep.a,eswereinc U ba,e.fora W roa i rna t e ly 20nr>na,37 C. 
The J*, were ,hen read a, 405 nn, nshrg a BioTech p,a.e reader (Bectonan 
Jinan*, Pa,o A* CA) » assess *e absorhance of the green reachon 

^Theresul.a.fn.eCaA.^btadingEUSAdemonatta.ed.hepresene.of 
could be detected using the pre-immune bleed. 

' Three days following the final injection, draining lymph nodes were 
reM ved tomft eban K .ers.Ly m phoey,eawereis„.a,edfi. m nrepop,i|enll^ 

^which^n.ehind.Unrba.ans^onawe^nradefion.dae^ 

(Falcon P.asfies, Mountain View, CA) confining RPMI medtun, (GrbcoBRl 

, -.i. iiw cr<! mioWhittaker, Waikersvdle, 
Gaithentbnrg, MD) supplemented wtd. 10/. FCS (BtoWbtttax . 
MD).Lyn,pboey,eswerere,easedfiont.benodesbyge„,.egnnd,„gofU,enodes 

J Jed glass slides; Ore lynrphocyle suspensions were counled ustng a 

hemocytometer. 

Thelynphocy.es isolaledfrnrnflrehnmunizedharnsrersw^fi^roune 
tei o„ce,,pa rt ner,P 3 X 3 .A g8 .653,ATCCCPX 1 580,P3X3.Ag 8 .d5 3 eel,swere 
spli ,,20every3day S pnor.o,heh J sio„in,MDM(Univ.ofCa,if.,SanFranc,sco 
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Tissue Culture Facility) containing 20% FCS (fetal calf serum) (BioWhittaker, 
Walkersville, MD), 50 \xM 2-ME, 50 \iM gentamicin. 

The fusion with the myeloma line used a standard polyethylene glycol 
fosion technique [McKearn et al., Immunol. Rev. 47:91 (1979)]. Briefly, sterile 
5 lymphocyte cell suspensions were prepared in serum free Iscove's Mod.fied 
Dulbecco'sMediaO^ 
adjusted to a density of 12.5 x 10 6 cells/ml. 

P3X3 Ag8.653 cells (grown as described above) were washed tw.ce with 
serum free IMDM [these cells were centrifuged for 5 minutes at 1000 r.p.m. in a 

10 TJ-6centrifu g e(Bec^^ 

and the P3X3.Ag8.653 cell density was adjusted to 5 x 10 6 cells/ml. 

Four milliliters ofthe lymphocyte cell suspension weremixed with 1 ml 

of the washed P3X3.Ag8.653 cells in 60 mm tissue culture dish (Falcon). The 

tissue culture dishes were placed in microtiter plate carriers (Beckman 
15 Instruments, Palo Alto, CA) and centrifuged at 250 x g (1200 r.p.m, TJ-6 

cenmmge)for5minutestogenerateanadherentmonolayerofcellsonmebottom 

ofthe dish. The supernatant was aspirated from the dishes and the dishes were 
neatly flooded with I ml of 50% polyethylene glycol (PEG 1500, Boehringer 
Mannheim) in IMDM; the PEG solution was prepared by warming 4 ml of PEG 
,500 and 4 ml of IMDM separately in 60'C water bath and then combining by 
aspiration of the PEG into a pipette followed by the IMDM and mixing 
thoroughly. After 30 seconds at room temperature, the dishes were flooded wrth 

5 ml of serum free IMDM. 

Following the final wash on the day ofthe fusion, the cells were leftmthe 
60 mm dish with 5 ml of IMDM medium containing FCS for 12 hours at 37'C 
with 5% CO, On the following day, the fused cells were diluted into 100 ml of 
mDMcontaining20%FCSandlXHATmedia(BoehringerMannheim,NJ)and 

100 |U was plated per well in 96 well flat bottom plates. After 5 and 9 days, an 
additional SO^lofmedia was addedtoeach well. Thereafter, 50 ^ of media was 
re movedandfreshmediaaddedat3day intervals. Once cell numbers were wrthm 
the 1000-5000 per well range, hybridoma supematants were tested for reactmty 
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,„ CTL.A-4lg and for a lack of reactivity to CD4Ig by ELISA as described in 
^tionWabovcHybridomasnpcntaUntawereuscdundilutedindtcEUSACSO 

ul/well). , ..... 

Hybridomas 60m positive wells were repetitively cloned by Itmrttng 

followin, criteria- 1) reactivity against CTLA-41g bn. no. CD4Ig in ELISAs; 2) 
ft, abiliV .0 block CTLA-41g binding .0 B7 transfers; 3) .be ability .0 Stan, 
ac.iva.ed T cells bu« no. ftesbly isola.ed T cells; and 4) tire ability .0 slam a 
10 CIU-4 ttansfecuntbu.no. control ttansfectants. 

The ability of antibody 9H10 .0 block CTLA41g binding .0 B7 
t^M was demo»stta.ed as follows. Approxima.e.y 10 pi of mAb 9H10 
v ,asincnba^a.22Xfor30minwiu,l 1 .gofCTLA^gfusionpro,eininaW 

volumeof50mofasol».ioneon,prisi„gPBS.Tott.ismixttr re wasadded2alO 

15 B7-EL-4 cells, snspended in 10 pi ice-cold PBS confining 1% calf senrm and 
OOSy.sodiumazide.BV-EMeei.sared.eOTBUa-derivedEMd.ymonrac.ll 

ltae rransfeced with an expression vee.or encoding .he mouse B7 eel. surface 
protein, as described in Townsend e. al. Cancer Res. 54:6477-83 (1994). 

The resulting mixture wasmen incubated on ice for 30 minutes, followed 
20 hy mo washes wim 4 ml/wash of PBS containing 1% calf serum and 0.05% 
sodium azide. The cells were men stained whh fhrorescin isomiocynate 
(FITO-conjugated anti-human IgO (CaLag, Sou* San Francisco, CA). As a 
„egativecon TO lformisexperimen,,meCTLA-4 l gmsionpro.einwasincuba«ed 

^ eitirer a contto. hams.e, .gO or m. EL-4 pamn. cel. line. The cells were 
analyzed on a FACScan (BectonDickinson, Mountain View, CA); me LYSIS 
program (Becton Dickinson) was used tt> electtonically gate on relevan. 
populations. In mos. experiment, 10,000 Hve gated events were collected for 
arralysis.Theresuus showed ,ha, me 9H 10 antibody blocked CTLA-4 binding. o 
B7-EL-4 cells. 

The ability ofthe9H 10 antibody to stain activated T cells but not freshly 
isolated T cells was demonstrated as follows. Fresh and activated splenocytes 
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were generated. Spleens from 4-6 week BALB/c mice were harvested and 
minced, and suspensions were treated with hemolytic Gey's solution to remove the 
red blood cells, a standard technique in the art [Mishell and Shiigi, Selected 
Methods in Cellular Immunology, W.H. Freeman and Co., San Francisco (1980) 

5 pp.23-24]. The cells were cultured in RPMI containing 10% fetal calf serum, with 
soluble anti-CD-3 antibody at 10 Jig/ml added to activate one portion of the cell 
population. The other portion of the splenocytes was not treated with anti-CD3 
and represents fresh (but not activated splenocytes). The two cell populations 
were then stained with either 1) a combination of FITC-conjugated 9H10 (the 

10 anti-CTLA-4 antibody; 5 Hg of antibody) and PE-conjugated Thyl.2 or 2) a 
combination of FITC-conjugated hamster Ig and PE-conjugated Thyl.2. The data 
were analyzed on a FACScan and was electronically gated for Thyl.2 positive cells 
to analyze only the relevant T cell population. The results of this experiment 
demonstratedthatthe9H10antibodystained activated (i.e., CTLA-4 expressing) 

1 5 but not freshly isolated T cells. 

The ability of the 9H10 antibody to stain a CTLA-4 transfectant but not 
control transfectants was demonstrated as follows. A parent CHO (Chinese 
Hamster Ovary, CHO-K1 cells) cell line (ATCC CCL 61) was transfected with 
pSRlneo.CTLA-4. pSRlneo.CTLA-4 contains the entire 1 .9 kb cDNA encoding 
20 themouseCTLA-4 protein [Brunetetal.,Mi/«re 328:267 (1987)] inserted into the 
pSRlneo expression vector. Cells transfected with the pSRlneo.CTLA vector 
express the mouse CTLA-4 protein on the cell surface. 

The parent (i.e., CHO-K1 cells) and transfected cells were stained either 
1) a combination of FITC-conjugated 9H10 (the anti-CTLA-4 antibody; 5 *ig of 
25 antibody) and PE-conjugated Thyl.2 or 2) a combination of FITC-conjugated 
hamster Ig and PE-conjugated Thyl.2. The data was electronically gated for 
Thyl.2 positive cells to analyze only the relevant T cell population. The results of 
this experiment demonstrated that the 9H 10 antibody stains CTLA-4 transfectants 

but not control transfectants. 
30 Theaboveresultsdemonstratedthatthe9H10 monoclonal antibody reacts 

specifically with the mouse CTLA-4 protein. 
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EXAMPLE 2 
Anti-CTLA-4 Monoclonal Antibodies 

CamRejectio^^ 
Th e anti-mouse CILA-4 monoclonal antibody, 9H10, was used to treat 
5 n.cetbatre.eivedinjectionsofacoloncarcinomacelllin. The injection ^ 

^^-V 5 lBU-0-«*«---V51«-10- 

10 size over a period of four weeks. 

„) Generation oftkeVSIBLmlO Cell Line 

The VSlBLtalO cell line was general by rransfection of *e SRlneo 
expression veeror into .he S.BLimlO eel, line. The S.BLtan eel. line is a co.on 
a calonra ee„ line *. provides an accuse animal model for eolon caneer 
m e^isinhn m an,Bre S a,ier,e.a 1 .,CaneerRes.47:.39S(,9S7,. 

The V5.BLiml0 cell line used in the presen. experiment was generated 
. follows. The murine eo,on eaneer cel. «ne SIB esfcbHshed by W « * 

to .n»nori«,of.h.injee.ednu«.B^iere, a ^ Gl ^« : .S98(.9^ 

Tumor ce» Hues having progressively increase., measranc ««, were 
devetepedhyeonecringce.lsfromureorigina.meus^ases.whichwere^used 

25 rermeCSmLim-lrhroughS.BLim.Swhere.henumberfollowmg.hedashrefers 

to the number of metastatic cycles. 

A 51B me.asu.ic derivauve obained from Dr. Warren a. fte UnrversUy 

of CaliforniaSan French was dealgna.ed MBLun.O; dre 5.BLW0 oe„ hue 
correspondsro.healBUMScelUinedescrihadhyBresaher.e.a,.,^^. 

30 47:1398 (1987). 
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«. SRIneo expression veCor was peered into .he 5 , BL1M-.0 - 
„ nel „ general. VMBUm.0cd.as descried [Tovmsend e, al. Once, Re • 

_ _ - Mft iecular and Cellular Biology, Palo Alto, UA) 
DMAX Research Institute of Molecular ana 

Tv-. l4 The SRIneo vector ,so contains use »eo gene under *. 
!L Hptional — > — SV40 promorer/enhancer. The presence of .he neo 

TheSRheo^onvecrorv^^fecUd^roJlB^OccUsb 
d e«roporario„ using a BTXT 800 elechoporator (BTX, Inc., San D,ego, CA> 
^Lon, i nanna 1 ^o»vo lM neo t 750^ofaso 1 n«ionco m pns,„270^ 

w of *e SRfneo expression vector. Fo„owi„g eleCroporaCon, t^s wem 
, Iredfor^h.nrshr—n^u.rBag.e.MEMCU.v.of^ 

^^IltT^San.^^andXS^ 
^(S^afSrc.Se.ecdon.ed^^.- • 

^ in the se.ec.ion medium, dn.g reastan. cells 

V 5 mLhu.00 J n ra rce U s«e rem a.n a inedinEag.e' S MBM(Un,v.ofCa.rf. 
at San France Co,. Culture Facilny, San Francisco, CA) supp.emen^ ^ 
J5 ^ FCS (Sigma,, non.saen.ia, amino acids, MBM vitamm -~ 
[lamine sodium pyruvate, gentamicin, peniciUin- streptomycm (a,, from 
L-glutamme, * W , oemstirfo. Cell cultures were 

Irvine Scientific, Santa Ana, CA) ana m» 

r. . less than 10 passages) frozen aliquots and 
established from low passage (i.e. less than .u pa 

maintained in culture for no more tban}0 days prior to use. 

VS.BUm.Ocel.sandd.eparen.^.BL.mlOcellswc.foundtoexh.b,. 

similar , - and in vivo g-th m.cs. The express.cn of the neomycn 
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« . JL on the tumorigenicity or ^owrh - of — - * 
cells. 

W o/ J~ - *"*» "~ °* W MOmC> " mX 

VMBUm.O — ««s - - — ^ 
wit h trypsin-EDTA (Sigma), -bed toe Umes in serum-free — 
MEM)ands»sponded 1 >t3«H.centrationof2x 10' cells/ml. 
, The mice used in this experiment were 6-8 week old female BALB/c mice 

(Caries River Ub^ories, Wilmington, MA). Groups of five rn.ee were 

L— oy — — * - for ide "" fi r: s 

injected with 200 |Xl of me VSlBLim.O tumor cell suspend (4 x 10) 
a ZL of me anhC^A-4 mAh 9H.0 described above, or alternahvel, me 

!L in Fig- ,). IV monoclona, anli-CDJg, 37.51, is directed agam* me 
r^^^emtGrossernb.,— *»<««—"' 

m,h^,or^wim^^^ Pt ' > f reSS, 2lZ 
mmomandremmdenmanasia >— ^ ^ 
25 ^wim^^^^ehy^me.rhmK.mailera^ 

.HodofHrnitedgrowm. MsbrrwnmBignm ■A.meavemgermnoraream^ 
U mmor injeelion (disced along me x axis,, deereasmg - «- 

3 „ dl Figure IB shows me average mmor size in mice m.ected w,m2 x 10 
3 Z ceLd ,rea,ed as described above wi,h anh-CTXA. antibod, or an 
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irrelevent hamster antibody. Anti-CTLA-4 antibody treatment continued to have 
a dramatic effect on tumor growth, but one mouse developed a tumor quickly, and 
another much later. Figure 1C illustrates the individual tumor growth in mice 
injected with 2 x 10 6 V51BLimlO cells. Three of the mice remained tumor free 
5 beyond 80 days. It is clear that CTLA-4 blockade significantly enhanced rejection 
of the B7 negative tumor cells. 

c) Injection of Mice with B7-51BLimlO Tumor Cells and Monoclonal Antibodies. 
51BLiml0 cells were transfected as described above, with a plasmid 

10 containing the gene for murine B7-1, and cloned by limiting dilution. The 
B7-51BLimlO tumor cells were harvested from tissue culture plates with 
trypsin-EDTA (Sigma), washed three times in serum-free media (Eagle's MEM) 
and suspended at a concentration of 2 x 10 7 cells/ml. 

The mice used in this experiment were 6-8 week old female BALB/c mice 

15 (Charles River Laboratories, Wilmington, MA). Groups of five mice were 
anesthetized by methoxyflurane inhalation, ear notched for identification, and 
injected with 100 |il of the B7-51BLiml0 tumor cell suspension (4 x 10 6 ) 
subcutaneously in the left flank. Treated groups received 100 \ig intraperitoneal 
injections of the antiCTLA-4 mAb 9H10 described above, or alternatively the 

20 anti-CD28 mAb, 37.5 1. Injections of 1 00, 50 and 50 \ig were given on days 0. 3 
and 6, respectively (injection days are designated by the darkened arrows in Figure 
2). Themonoclonalanti-CD28,37.51,isdirectedagainstthemouseCD28 protein 
[Gross et al., J. Immunol. 149:380 (1992)] and served as a negative control. 

The mice were monitored for subcutaneous tumor growth and the bisecting 

25 diameters of developing tumors were measured with calipers. The data from this 
experiment is shown in Figure 2. Treatment with anti-CTLA-4 antibodies 
inhibited B7-5 lBLim 1 0 tumor growth as compared to the anti-CD28 and control 
groups. All mice in the untreated and anti-CD28 treated groups developed small 
tumors that grew progressively for five to ten days and then ultimately regressed 

30 in eight of the ten mice by about day 23 post injection. The two small tumors that 
did not regress remained static for over 90 days. In contrast, 3 of the 5 mice 
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Kafcd wi* an.i.CTLA-4 antibody developed very small ««. 1 all of these 
regressed completely by day 17. 

Fiveanti-CTLA-4treatedmieea«thadeon™pletelyrejeetedV51BL,mlO 

rumor eells we* reeballenged 70 days later with 4 x .0- wi.d-.ype MBLim.O 
eells tnjee.ed sub-outaneously in me opposite flank. Five naive miee we. 
also injeeted as eontrols. Tumor diametera were measured and reported as 

10 deseribed. Prior rumor rejection resulted in signiftean. protection agatnsl 
saeondaryoha.lengeesoompared.onaiveeonw.1, All control miee developed 
progressively growing tumors, developed massive tumor burdens, and were 
euthanized on day 35 post-inoeulation. 3 of 5 previously immunized nuee 
rc^ined tumor flee 70 days after ehallenge. Only one of the previously 

15 i^unizedmieehadadetee.ab.eWmorbyduyM.andgrowlhofuaismmorwas 

veryalow. U.ima.ely.rwo more rumors developed in Ore immunized miee 42 days 
afterehaUenge. The data is shown in Figure 3. These resons demounted .ha. 
tum orrejectionme«edbyCTI.A-4b><^^ 

20 e) Ana-CrU-4 treatment redoes the growth of established tumors. 

Groups of miee were injeeted s.e. wid, 2 x 10- SIBLimlO flnnor eefts. 

ondaysO,3,6and9,asmdieu.edbymeupwarfpota.mganow S inF.gure4.0ne 
and-CTlA^h^Uuen.groupreeeivedi.p.injeeriot^o.d.e^edaya.mote 
25 ^,edmiee(n.5)w ere give»i.p.mjee,io»sofan, i .CrLA^anribodybe g i»ning 
„„ day 7 and subsequently on days .0, 13 and 16 (downward pointing arrows). 
Data ia shown in Figure 4. Miee .rented with an.i-CUA-4 antibodiea a. either 
tim epoin.had^iflea J1 ..yredueedmmor g rowmeompared«oun tt e a ,edeo„™i, 

Ddaying .teatment appeared .o be more effective, win. 2 of 5 miee remainmg 
30 tumor ftee beyond thirty days after inoculation. 
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f) Anti-CTLA-4 treatment reduces the growth of the murine fibrosarcoma SAIN. 

The effects of anti-CTLA-4 treatment were not limited to carcinoma cell 
lines. Similar results were obtained with a rapidly growing fibrosarcoma cell line 
of A/JCr mice. Groups of mice were injected s.c. in the flank with a suspension 
5 of 1 x 10 4 SAIN fibrosarcoma cells. Treated groups were injected i.p. with 100 
|ig anti-CTLA-4 or irrelevant hamster control antibody at days 0, 3 and 6, as 
indicated by the arrows in Figure 5. All control animals were killed by day 30. 
Two of five anti-CTLA-4 treated animals remained tumor free at day 55. Data is 
shown in Figure 5. 

10 

EXAMPLE 3 

Anti-CTLA-4 Monoclonal Antibodies Act as an Adjuvant 



a) Preparation of immunogen 

15 DNP-KLH was obtained from Calbiochem (san Diego, CA) and was 

suspended in deionized water at 1 mg/ml, 100 ng/ml or 10 pg/ml. One ml of 
Freund's Complete Adjuvant (Difco, MI) was added to each 1 ml of the DNP- 
KLH preparations. These were then emulsified in two 5 ml syringes connected by 
a double-ended luer lock connector by rapid passage through the luer lock, as 

20 described in Current Protocols in Immunology . Colligan et al. , eds., section 2.4. 

30 minutes prior to injection of the immunogen, C57B1/6 mice of 4-6 
weeks in age were injected in the peritoneum using a 23 gauge syringe with 200 
\ig of non-specific control hamster-antibody or with 200 \lg of anti-CTLA-4 
antibody 9H10 (both in 200 |il total volume). The mice were subsequently 

25 injected subcutaneously using a 21 gauge syringe at two sites on the back, with 
200 \i\ of the immunogen in the form described above, giving a dose of 100 jig, 
10 ng or 1 pg/mouse, respectively. After three days the antibody injections were 
repeated. 

Ten days following the first treatment, the animals were euthanized. 
30 Blood was obtained by heart puncture and removed to eppendorf tubes. These 
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i„*»otATnvprnieht and were then centrifugedto 
samples were allowed to coagulate at 4 C overnignt, am. 

obtain sera. 

SerawasanalyzedforisolypespecificanlibodiesrecogniztogDNPusmg 

a standard isotype ELISA, as described in QlBSI ^m^MJmm^ 
(supra , section il . Briefly, DNP was platen a, .00 ngto- in 50 0 vo.ume . 
J, well of a 96 well Coming modified round-bonom ELISA p.a.e. Tta weUs 
^W^^n.gbnflernaadeaeribeo.Tn^foMseria.dUnnona.feaeh^ 

s.artinga.WOOareaddedtoeacbwefl.Tnes.arei.Knba.edforonehoura.aSC, 
and „ash«. win, wash buffer, .sotypes are detected by using mouse spectBc 

one hour. Tbe isotyp« -bodies are bioflnyiated, and detecrion is achieved by 
incubating with avidin-borsemdisb peroxidase, washing and addinon of 
p^idase substrate (ABTS, Sigma, Moi). Stop buffer is added and me 
absoAanee of each weU read with an ELISA reader a. a wave lengm of 
490-498 nm within 5-8 min of slopping the reaction. 

HeresuHs are shown in Figures 6A to 6B. Eaeh . f me panels UluattaKa 
te.oneen^onofadifferen.isoWmmesennnsample.Theyaxisshowame 

O.D, reading, where an hrcrease in O.D. indiea.es increased concenhanon o 
antibodies in the sexum having dra, isorype. The x axis shows me amount of 
, antigen ma. was injected, .00 „. .0 ng or I pg per anima., ■eapeeflve.y. I. can 
^ K end,a.and-CTLA^an«bodyincrease S c te sw, tt hing,o.gOl,.g02aand 

IgG2b at the higher dose of antigen. 

Analysis ofT cell function was performed as follows. Lymph node cells 
were isofafed and snmufafed in «. fo, 72 hours win, KLH. The axifUry 
, 5 ingufnaf.mesenteric.bracfna.,^ 

«„ a dish containing RPMf-cnmpfefe (10% PCS (Hyclone, Monfana), 2 mM 
g.ummme.SO^Mb-memap.oemanol.SO^nngenmmyei^.Tlrelymphnodea 

were mincer. .0 obtain single cel. suspensions, filtered through a nytex mes . 
30 u 1 ofRPMl-cmple,ein96w.l.rou„dbo«o m ch J s,crpla«sa«cin 1 er 5 x 0,2.5 
x ,0. or 1 25 x 10> cells/we... KLH solutions in RPMI-comple.e were added to 
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final concentrations of 100, 10, 1 or 0 Jig/ml and the plates were incubatedat 37'C 
for 64 hours in humidified incubators with 5% CO, After 64 hours, 20 ^1 of 
RPMI-complete containing 1 ^Ciof >H-thymidine was added to each well, and the 
plates were incubated an additional eight hours. At this time, cultures were 

5 harvested onto glass fiber filters using an Inotech 96 well harvester. Filters were 
driedandcountedusingaPackardMatrix counter. Each condition was performed 
in triplicate, and data represents the mean of triplicate values. 

The results are shown in Figures 7A to 7B. The top row shows a constant 
number of cells (5 x 10>cells), with varying concentrations of antigen (shown on 

10 the x axis). The y axis shows incorporation of 'H-thymidine, a measure of cell 
proliferation. Thelowerpanel shows a constant antigen concentration (10 [Ag/ml), 
with varying numbers of cells (shown on the x axis). The data indicates that 
CTLA-4 blockade strongly upregulates the T cell response to the higher doses of 
antigen. 

15 The above results demonstrate that the subject treatment with CTLA-4 

blocking agents increases the response of T cells to antigenic stimulation. The 
growth of tumor cells in vivo is greatly diminished in the presence of the subject 
blocking agents. The effects are observed against unmanipulated, wild-type 
tumors. CTLA-4 blocking agents not only represent a novel approach to tumor 

20 therapy, but, by removing potentially competing inhibitory signals, may be a 
particularly useful adjunct to other therapeutic approaches involving the co- 
stimulatory pathway. Class switching by immunoglobulin producing cells, a 
measure ofT cell help, is greatly increased. The T cell response to immunization 
with peptide antigens is also greatly increased by the treatment with the subject 

25 agents. 

EXAMPLE 4 

r^npratinn of Antih^s Directed Arainst Hum an CTLA-4 Proteins 



30 



Anti-human CTLA-4 antibodies are generated as follows. 
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a) Human CTLA-4 Proteins for Immunization of Host Animals 

ImmunogenscomprisinghumanC^A^proteinscontainalloraport.on 

of the extracellular domain of the human CTLA-4 protein. The extracellular 
domain of the human CTLA-4 protein comprises amino acid residues 38-161, as 
5 listed in the database references. 

The human CTLA-4 immunogen comprises the entire human CTLA-4 

proteinorafusionprotein^^ 

andamsionparmer.TheimmunogencomprisesmeentirehumanCILA-^ 
inserted into the membrane of a cell; the cell expressing human CTLA-4 on the 
10 surface is used to immunize a host animal. 

Immunogens comprising portions of the human CTLA-4 protein are 
genentedusmgmePC^toamplifyDNAsequencesencodingmehumanCaA^ 

protein from mRNA from H38 cells, an HTLV Il-associated leukenua fane (R. 
Gallo,NationalCancerInstitute). The mRNA is reverse transcribed to generate 

15 firststrandcDNA. The cDNA is then amplified. These sequences are hnked to 
sequencesmatencodeamsionparmer.asdescribedinLinsleyera/.lJ.^.M^. 

174-561 (1991)]. The expression vector encodes a fusion protein termed 
CTLA4Ig which comprises (from amino- to carboxy-termini) the signal peptrde 
from oncostatinM, the extracellular domain of human CTLA-4 and the H,CH2 
20 andCHSdomainsofhumanlgGl. The signal peptide from oncostatin M is used 
in place of the naturally occurring human CTLA-4 signal peptide. The cysteme 
residues found in the wild-type hinge domain of the human IgGl molecule were 

(Lmsteyetal., supra). 

b) immunization of Host Animals With Human CTLA-4 Proteins 

To immunize animals with immunogens comprising human CTLA-4 
proteins, non-human host animals are employed. The immunogen comprising a 
human CTLA-4/IgG fusion protein (e.g., CTLA4Ig), is used to coat heat-blled 
30 Staphylococcus A (StaphA) bacteria cells as described in Example lb. &x week 
old BALB/c mice are injected in the footpad with 50 pi (packed volume) of 
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beat-killed StapnA bacteria cnated with approximately 100 W of CTLA-4Ig 

suspended in 0.2 ml of PBS. 

A.o B loff,veinjeo.ionsaregive»permo US e.On«hedayof.hefinalboos, 

and prior .0 me injection, approximately 100 |i. of serum is obtanred by 
modular bleeding as described in Example lb. Be serum is analyzed , m 
companiou to serum obtained by me identical methodology prior to .be lira. 

injection (ie., pre-immune serum). 

Ahun^CrLA-4IgbmdingELISAi S utilizedtodemonstratetbe P resence 

of antibody tha, recognizes the human CTLA-4Ig fusion prorein in the post- 
imm unization bleed. The human CTLA-41g binding EUSA is conducted as 

with human CTLA-4 protein. 

The serum and lymph nodes of the immunized mice containing anrrbod, 
ft* recognizes me human CTLA-4Ig fusion protein in me post-immunization 
Meed at serum dilutions 1000-fold greater man .he dilution a, which background 
could be de.ec.ed are collected. Lymphocytes rue prepared from draining lymph 
nodes in me immunized mice and are Uten used for me generarion of monoclonal 
antibodies directed against me human CTLA-4 protein as described above m 
Example 1c. 

Immunogens comprising transformed cells expressing Are human CTLA-4 
p^in on me cell surface are prepared as follow, Expression vec,ora encodmg 
,hcen.ire human CTLA-4 protein are used to hansfec. me mouse .ymphomacell 
Itae EL4 (ATCC TIB 39). Tranrfected EL4 cells are injected into mice usmg 1 x 
10 s to I x 10 7 transfected cells/injection. The tnmsfeCed cells are injected m a 
soWon comprising PBS. The mice may be injected either i.p. or in me hmd 
footpad. When i.p. injections are given, a total of approximately 4 injecbons are 
adminis.ered. When me foo^ad is used as me site of injection, a total of 
approximately 5 injections are administered. Serem is collected from the 
imm „„ i2 ed animals and tested for the presence of antibodies directed agams. me 
human CTLA-4 protein using an EUSA as described in Example lb, w,th <he 
exception that .he plates are coated with human CTLA-4 proteins. 
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c, Isolation ofHybridoma Lines Secreting Anti-Human CTLA-4 Antibodies 

Lymphocytes are isolated from draining lymph nodes or the spleens of 
animals immunized with the human CTLA-4 immunogen and fused to 
P3X3 Ag8.653 cells to generate hybridoma cell lines using the PEG fus,on 
5 protocol described in Example 1c. Culture supernatant from wells containing 
1000-5000 cells/well are tested for reactivity to human CTLA-4 and for lack of 
reactivity to a non-CTLA-4 protein such as human CD4 using an ELISA assay. 

asdescribedinExamplelc.Hybridomalinessecretingmonoclonalantibod.es that 
10 are reactive against human CTLA-4 proteins but not irrelevant human protems 
leg human CD4), and that have the ability to stain cells human CTLA-4 
t^sfectants but not control transfectants are selected for production of 
anti-human CTLA-4 monoclonal antibodies. 
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EXAMPLE 5 

ev m Stimulation of Tn.nnr mfiltntinp 1 vmphocvtes (TILs) 
Host cells are stimulated ex vivo, allowing them to differentiate into 
tumor-specific immune effector cell, The cells are then reintroduced into the 
same host to mediate anticancer therapeutic effects. 

a) Isolation of Tumor-Infiltrating Lymphocytes (TILs) 

Tumor-infiltrating lymphocytes are obtained using standard techniques. 
Solid tumors (freshly resected or cryopreserved) are dispersed into single cell 
suspensions by overnight enzymatic digestion [e.g., stirring overnight at room 
temperature in RPM1 1640 medium containing 0.01% hyaluronidase type V, 
0 002% DNAse type I, 0.1% collagenase type IV (Sigma, St. Louis), and 
antibiotics]. Tumor suspensions are then passed over Ficoll-Hypaoue gradients 
(Lymphocyte Separation Medium, Organon Teknika Corp., Durham, NC). The 
gradientinterfaces contain viable tumor cells and mononuclear cells are washed, 

adjusted to a total cell concentration of 2.5 to 5.0 x 10> cells/ml and cultured in 
complete medium. Complete medium comprises RPM1 1640 with 10% 
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heat-inactivated type-compatible human serum, penicillin 50 lU/m, and 

st reptomycin50^ml(B^ 

Laboratories, Chagrin Falls, OH), amphotericin 250 ng/ml (Fungizone, Squibb. 
Flow Laboratories, McLean, VA). HEPES buffer 10 mM (Biofluids), and 
5 L-glutamine 2 mM (MA Byproducts, Walkersville, MD). Conditioned mednim 
from3-to4-day autologousor allogeneic lymphokine-activated killer (LAK) cell 
cultures(seebelow)i S addedatafinalconcentrationof20o/o(v/v).Recombinant 

IL-2 is added at a final concentration of 1000 U/ml. 

Cultures are maintained at 37'C in a 5% CO,humidif,ed atmosphere. 
10 Cultures are fed weekly by harvesting, pelletting and resuspending cells at 2.5 x 
10«cells/mlmfreshmedium.(>eranmitialperiod(e.g.,2to3weeks)ofculture, 

thelymphocytessel^^ 

disappear completely. 

To make LAK cell cultures, peripheral blood lymphocytes (PBL) are 
15 obtained from patients or normal donors. After passage over Ficoll-Hypaque 
gradients, cells are cultured at a concentration of 1 x lOVml in RPMI 1640 
medium with 2% human serum, antibiotics, glutamme, and HEPES buffer. 
Recombinant IL-2 is added at 1 000 U/ml. Cultures are maintained for 3 to 7 days 
in a humidified 5% C02 atmosphere at 37* 
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b) Ex Vivo Stimulation ofTILs 

4 x 10* cells, in 2 ml of culture medium containing the anti-CTLA-4 
mAb s,areincubatedinawellof24-well plates at 37'C in a 5-Zo CO, atmosphere 
for 2 days. The culture medium comprises RPMI 1640 medium supplemented 
with 10% heat inactivated fetal calf serum, 0.1 mM nonessential amino acids, I 
HM sodium pyruvate, 2 mM freshly prepared L-glutamine, 100 Hg/ml 
streptomycin, 100 U/ml penicillin, 50 llg/mlgentamicin,0.5 ng/ml fungizone (all 
from GIBCO, Grand Island, NY) and 5 x 10-* M 2-ME (Sigma). The cells are 

harvested and washed. 

The initially stimulated cells are further cultured at 3 x lO'/well in 2 ml of 
culture media with recombinant human IL-2 (available from Chiron Corp., 
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Emeryville, CA; specific activity of 6 to 8 x 1 0 6 U/mg protein; units equivalent to 
2-3 International U). After 3 days incubation in IL-2, the cells are collected, 
washed, counted to determine the degree of proliferation, and resuspended in 
media suitable for intravenous (i.v.) administration (e.g. physiological buffered 

5 saline solutions). Bacterial cultures are performed to determine the existence of 
bacterial contamination prior to reinfusion of the activated cells. 

After the activated TILs have been resuspended in a media suitable for 
injection, IV access is obtained in the host and the cell suspension is infused. 
Optionally, the host is treated with agents to promote the in vivo function and 

1 0 survival of the stimulated cells (e.g. IL-2). Alternatively, CTLA-4 blocking agents 
are administered in combination with the activated TELs to enhance stimulation 
of the autoreactive cells in vivo. 

EXAMPLE 6 

15 Effectiveness Against Established Tumor 

SA1 is a fibrosarcoma. As shown in Figure 8 the CTLA-4 blockade using 
10pg of anti-CTLA-4 antibody per dose is effective even when delayed 7 or 14 
days after tumor implantation. This indicates that CTLA-4 blockade can be 
effective in the treatment of established tumors. 

20 

EXAMPLE 7 
Svnerpv With Immune Response St imulating Agent 
SMI is a mammary carcinoma that is poorly immunogenic. It is resistant 
to rejection by transfection with B7. However, some inhibition of growth using 
25 B7 and IFNg has been obtained. In the experiment shown in Figure 9, mice 
received subcutaneous implants of unmodified SM I tumor cells, and the indicated 
treatments on days 0, 3 and 6. As shown, treatment with anti-CTLA-4 
(10°jlg/dose) by itself had no effect on growth of the tumor. Immunization at a 
contralateral site with irradiated, GM-CSF transduced cells also had no effect. 
30 However, the combination of the two resulted in complete rejection in 4 of 5 mice. 
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TOscleariydemoosua^thaCn^bloc^ 
probably olber lymphokines, to obtain tumor rejection. 

p y AMPLE 8 
n.l.y pl ITLA -4 Blockage 
RENCA is a slow growing, poorly inrmnnogenie tumor. As drown in 
FigureS 10A and B, the CTLA-4 blockade (100 W anti-CTLA-4 antibody per 
dose) is on.y poor.y effective when initiated a. the time of <umor tap— 
However, it is quite effective if initiated 9 days after tumor implantation. Tbrs 
,0 suggests tha, generation of tinnor debris ftom a relative.. Urge tumor mass . 
important as an agent . stimulate an immune response to obtirin effective 
rejection. This suggest ma, CTLA-4 blockade could be used a. the time of, or 
shortly after, irradiation or chemotherapy. 

PY AMPLE 9 

rr. A^t Blockade Bn temaJiDm.^T^HY of Tumor Fragments 
B.6-BL6 was originally derived ftom the spontaneous murine melanoma 
cell line B16-F0, by in vUro selection for invasive characteristics (Hart, Am. J. 
Path 97, no. 3:587-600 (1979)). Both parenta! line and variant express low 
20 levels of H-2K> and D> , and are negative when sained for MHC class ft. 
Vaccination with irradiareti B16-BL6 does no, pro.ec, against subsequent 
challenge with live B.6-BL6 cells, nor does B7.. expression result m any 

(1994) our unpublished resnto). Conseque„uy,B16-BU can be considered ft, 
25 bepoorlyinununogentc. We have investigated ways of aftacking, his tumorustng 

CTLA-4 blockade. 

,„ tire experimen, shown in Figure 11, mice received subcutaneous 
im p,an,s of unmodifled nrmor cefts and ,he indicated treatments at days 0, 3 and 
6 CTLA-4 blockade by itself (100 |lg 9H10/dose) had no effect, nor d,d 
30 immunizationwithirradiatedBiecellsatacnnftalateraUite. However, tieatinen, 
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with both showed a small, but significant and reproducible inhibition of tumor 
growth, although no cures were obtained. 

This approach was also used in a protective immunization setting. In the 
experiment shown in Figure 12, mice were immunized with irradiated B16 cells 

5 with and without CTLA-4 blockade (100 |lg 9H10/dose) and with and without 
cytokine-containing gelatin microspheres (containing 50 ng Y interferon and 50 
ng GM-CSF). The mice were rechallenged with live, unmodified tumor cells two 
weeks later. Mice immunized with irradiated cells with CTLA-4 blockade showed 
significantly impaired tumor growth compared to mice receiving irradiated cells 

10 alone. The best protective effect was obtained with cytokine-containing 
microspheres together with CTLA-4 blockade. 

Together, these data indicated that CTLA-4 blockade can enhance 
immunization strategies employing active immunization with modified tumor cells 
or tumor fragments, and that it can have a synergistic effect with cytokines. 

15 

EXAMPLE 10 

CTLA-4 Blockade Combined with Tumor Vacc ines Can Be Used 
To Stimulate Autoreactive T Cells and Eradicate Poo rlv-Immunoeenic Tumor 



20 In this study the combination of CTLA-4 blockade and GM-CSF 

producing vaccines was shown to be therapeutically effective against the highly 
tumorigenic, poorly immunogenic melanoma B16-BL6, in a mechanism 
dependent on CD8+ and NK1 .1+ cells, but independent of CD4+ T cells. Mice 
cured from subcutaneous pre-established B 1 6-BL6 tumors resist rechallenge with 

25 B16-BL6 or the parental line B16-F0 after 4 months. Further, B16-F10 induced 
pulmonary metastases can be eradicated by the combination treatment, and 
metastatic lesions from these mice show extensive lymphocytic infiltration. 

Importantly, in both the subcutaneous and the metastatic melanoma model 
surviving mice developed skin and hair depigmentation, indicating that 

30 autoimmunity directed against pigmented cells was concurrently induced. Since 
CD4-depleted animals also developed depigmentation it is very likely that this 
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agains, pigmentation anttgens. Thrs model 

„r amoreactive CTL in anti-tumor respond, as well as to rnvesugate 
^^to,^ 

experiments when 8-.2 weeks o,d. All subcutaneous matrons were done ane, 
inhalation of the anaesthetic metoxyflurane. miirineCTLA- 
4an^ y ,H,0Ude^ W inBxa»,p.eUhov.SUn«,O^(a^ 
2 43 (CM) PK136 (NKU), 1 16.3 (Lye.l,Ra.IgG,ob.a.ned ftomB. Fowlxes, 

: : :l „ — as — . — ~— ; - 

Immuno Research Labs (West Grove, PA), Rat lgG w , 
MO, R M 4.4- PE (CD4),an, i .CD8 W -PEandDX5(Pharn, U ,gen,Sa„D,ego,CA) 

Ce// ti»es and GM-CSF gene transduction: B16-BL6,B16 ^ 
, Dr I Fidler MDAndersonCancerCe„.er,Hous.onTX),B16-FO(ATCC), 
[romDr.I.Frdler,MD«i fr97 , 3 (1997)1 were cultured in 

and DC2.4 (Shen et at, J. Immunol 158, no. 6.2723 (1997)) 
DMEM supplemenred with 1 U* penieiUht, 1 ^ srxeptomycm 50 
!^r2uMI. g .»^c,and8%^^se n nn(her«aner^«oas 

T™L Tta C57B./6 derived rumor cell lines EM (thymoma) and 

ktmi, bupy B16-F10 were obtained by 

a so/ FPS GM-CSF producing BI6-BL0 ana 010 

mid --—^-^--^"^ 

c ■ »«90-353M3(1993). GM-CSF production by short-term Itnes (F10) or 
: J£ Hied by sandwich EUSA, us,n g commercially available 
0 clones (BLo) was tesieu /GM-18 
antibodies to murine GM-CSF (Pharmingen). Cone, BL6/GM-E, /GM 
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was routinely confirmed in *. during.he course of vaccination experiment, 
^„nofU>.vaco i nesbe f b I e^onc^cedOM^S r produ«,.n-..5.2 

^ s^*^—^ Mtceweresbaved 
onte bac k a„dchaUe„gedsubc„ B „ e ous 1 y(s.c.)wi*.0'B16-BL6cens ta PBS. 

At the same da, or later as Indies,* « * »~« *° 

and repeal 3 and 6 days later as indicated. The vaccine consisted of a 1:1 
mixnir eofc,one S BL6/GM-EaodBL6/QM..8.T,ea«,e„.wid 1 9H10orco„«o, 

h an,ster IgO was smried simultaneously or three days iater with similar res, «. 
hoodies were delivered inrraperitonenlly (i.p.) a. .00 W in PBS, usual* 
fo l lowedby TO oinjee.ionsof50 W every3days.Tu m orgrow 1 hwasscored W .ce 

regula.ions.micewe^euttaniaedwhenu.e^displayedsevereulceratronor 
^edasizeofSOOm^.DepledonofTorNKceHswasdooebyioieCono 

*. relevant antibodies (500 W i.p.) 7, 6, and 5 days prior ro challenge, an 
plained by repealed injections ever, ren days during the expert^ 
Depletions were conftnne. in l W h nodes and spleens, 1 day before cbaltag 

by flow cytometry using non-crossbloeking anlibodies. Roulinely, < 1 /. CD4 
cells CDg+TcellsorNKl.l+censweredelecled in lymph nodes (after CD4 or 

M with cntrol anlibodies (mouse IgG, ml .gO, or 1 16.3) demonstrated 
changed lymphocytic profiles as compared to undated mrce. 

Treamen, oflm g T« c*blish lung meastasea, mtee were 

tojecledi.v.wi.hSalO'orW'Blo-FlOcel.s.Trcalmen.usingirradia.edFlO/OM 

ceUs and anybodies was started after 24 hours, Mowing me s*me protocol as 
outlined for h.a.men, of subcutaneous rirmors. After 25 days, lungs were 
, ^estedu.meachtreamrentgroupandsurfacemelas.aseswerecountedustng 

a dissection microscope. Paraffin embedded lung secUon were statned wuh 
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Hematoxylin-Eosin using standard procedures. For survival experiments, 5x 10* 
B16-F10 cells were injected i.v. and treatment was started the next day. 

Generation of CTL cultures and IFNy release assay: Spleens were 
harvested from mice rejecting B16-BL6 and restimulated in vitro with 
5 B16-BL6/B7.1 or a mixture ofBl6-F0 and the dendritic cell line DC2.4 after o/n 
coculture. 5x Iff spleen cells were miced with 10* irradiated (16,000 rad) 
stimulatorcellsandrecombinanthuman^wasaddedtoafmalconcentrauonof 

30 lU/ml. After 7 days, cells were collected and purified by Histopaque gradtent 
centrifugation. Live cells (2.5x 10> per well) were stimulated with target cells(5x 
10 l()*perwell)m96-wellround-bottomplatesfor24hours,afterwhichsupema^ 

was collected and tested for the presence of IFNy by sandwich Elisa. 
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Results 

CILA-4 blockade together with GM-CSF producing cellular vaccines 
causerejectionofestablishedBWLe^ 

of tumor-associated antigens might be limiting, CTLA-4 blockade was combmed 
with irradiated GM-CSF producing B16-BL6 cells as an optimal source of 
antigen C57BL/6 mice were challenged with 10<B16-BL6 cells subcutaneously 
and subsequently treated starting on the same day or 4-12 days later. A 
representative experiment is shown in Figure 13A. As expected, injection of 
OTA^blockingantibodyPHlOorcontrolhamsterlgGdidnotinducerejecnon 

of pre-established B16-BL6 tumors. When combined with control hamster IgG, 
vaccinationwimim^ 

or no effect on outgrowth of pre-established tumors. However, combination of 
GM-CSF producing vaccine and CTLA-4 blockade induced rejection of all 
tumors injected the same day or 4 days. One of five mice carrying a day 8 
B16-BL6 tumor rejected a small palpable tumor after combination treatment 
including CTLA-4 blockade. No significant effect was found on tumors 
established 12 days earlier. All experiments combined, an overall success rate of 
combination treatment of 80% was achieved (68 of 85 mice cured from day 0 or 
day 4 B 1 6-BL6 tumors). These results corroborate the finding in Example 7 that 
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COA^ockadeandGM-CSF producing vaccines acinic** — 
rejection of poorly immunogenic tumors. 
' OecLing rhe — - • « — - ' 
OM-^SP pacing vaccine admrnis,^ on ,ne same day as -J, — 

•„ oil thp mice when combined with c 1 la-s 
was sufficient to eradicate tumors in all the mice wne 

vaccinations with GM-CSF producing cells was sufficient to induce B I «< 
formesynergisti^ 

forthesynerg ctlA-4 antibodies was not effective (data not 

cells in combination with anti-CTLA 

shown). 

Cor^Oon ofCTU-4 «** - «CS"#— « ^ 

rechallenge, surviving mice received a second challenge of 2 x ^ ^^^^p^ 
theteftfl an l 12 8 daysaner.he P rir„aryena. 1 eng=.Also,res,aunce.o«heB 1 6 F 0 

!2, melanoma ce„ line *as ,es,ed by IniecUng 2 a .C, in. me ngh flan, 
!r A 1 mice cured mom a primal ehaHenge wnh B.6-BL6, regardless of 
p,„s an.i-CTLA4 a!so rejected B16-BL6 (Table 1 below). 
«* Region of published B16-BL6 by an,i.CtL A -4 and B^CM 



Primary challenge 
(10 4 B16-B16) 
treated with: 



Tumor incidence at secondary challenge (day 
128 after primary): 



B16-BL6' 



B16-F0 2 
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I) 2x10* BI6-BL6 cells injected s.c. in left flank. 

« ivifr 1 BI6-F0 cells injected s.c. in right Hank. 

3, and 6. 

4) Fraction of survivors growing the secondary challenge. 

Within the experiment, the two mice that had rejected the primary 

challenge after BL6/GM vaccination alone were unable to reject a secondary 

B16-BL6 challenge (Table I). In contrast, 7 or 9 mice that received BL6/GM 

vaccine plus anti-CTLA-4 also rejected B16-BL6. In two rechallenge 

experiment,, 20 of 24 mice cured from B16-BL6 by combination treatment 

were immune to secondary challenge with B16-BL6, and 1 1 mice were 
resistant to rechallenge withB16-F0.Only4of8mice cured upon vaccinanon 

with GM-CSF-producing cells alone were resistant to rechallenge. Although 
resistance to rechallenge withB16-BL6 was not found in 100% of me mice, the 
fact that all mice did reject B16-F0 suggests that mice surviving a pnmary 
challenge with B16-BL6 had mounted adequate memory to an antigen(s) 
shared between parental line and its more invasive variant. 

CD8+ and NKI.1+ cells are required for combination treatment of 
B16-BL6. To evaluate whether T and NK cells were involved in the rejection 
0 fBl6-BL6, mice were depleted of CD4 + ,CD8 + , or NK U + cells prior to 
challenge with B16-BL6. Treatment was started on the same day as tumor 
implantation following the general schedule of three simultaneous injecUons of 
vaccine and anti-CTLA-4. Depletion of CD8 + cells abrogated the effect of 

(Table II). Mice depleted of NK1 .1+ cells were also largely unable to 



treatment i 



reject their tumor 



(8/10). We observed that the tumor-bearing NK-depleted 
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mice had developed multiple tumors at the site of challenge, suggesting that 
NK cells could be involved in the first line of defense against the MHC class I 10 
B16-BL6 challenge by reducing the initially injected tumor load. 
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Table II. Involvement of lymphocyte subsets in rejection of B16-BL6 through 
co-treatment with anti-CTLA-4 and BL6/GM vaccine. 



Depletion' 1 B 1 6-BL6 tumor take 2 


Remarks 


CD4 


2/10 3 


depigmentation 4 
(4/8 survivors) 


CD8 


9/10 




CD4 + CD8 


5/5 




NK1.1 


8/10 


multiple tumors 
developed at injection 
site, no depigmentation 


Control mouse IgG 


5/10 


depigmentation 
(3/5 survivors) 


Control rat IgG 


4/10 


depigmentation 
(4/6 survivors) 


No depletion 


5/10 


depigmentation 
(3/5 survivors) 


No depletion, no 
treatment 5 


10/10 





1) Depletion of lymphocyte subsets was achieved by injecting depleting antibodies OKI .5 <anti-CD4). 2.43 
(CD8), PK136 (NKLl) or control antibodies at days -8. -7. -6 and every 7 (GK 1.5) to 10 days thereafter. 
Depletion was checked a! day-!. Results are compiled from two experiments. 

2) Live BI6-BL6 challenge at day 0 was followed by anti-CTLA-4 and BL67GM vaccination on days 0, 3. 
and 6. 

3) Fraction of mice unable to reject the B 1 6-BL6 challenge. 

4) Depigmentation observed as a side-eflect of treatment (see text). 

5) Non-depleted mice were left untreated after challenge. 
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Surprisingly, CD4+ T cells were not required for tumor rejection. In 
fact, 80% of the mice rejected their tumor, under suboptimal conditions where 
50-60% of the control groups rejected B16-BL6 (Table II). Depletion of both 
CD4+ and CD8+ cells abolished the therapeutic effect. It is apparent that CD8+ 
5 T cells and NKU+ cells are necessary for rejection of B16-BL6 using CTLA-4 
blockade and GM-CSF producing vaccines. Activation of CD8+ T cells 
involved in the rejection of B16-BL6 melanoma does not appear to be 
dependent on CD4 help. 

10 CTL activity against BJ 6-BL6 is strongly enhanced by CTU-4 

blockade in vivo. To determine if tumor-reactive CTL were induced by the 
combination therapy, mice were immunized with BL6/GM plus anti-CTLA-4 
or control IgG, and challenged with B 1 6-BL6 after 4 weeks. Ten days 
postchallenge, spleens from four mice in each group were pooled and 
15 restimulated with B16-BL6/B7.1, or a mixture of B16-F10 and an immortalized 
dendritic cell line DC2.4. After one round of restimulation in vitro, specific 
IFNY release was tested against different variants of B16 and two unrelated 
tumor cell lines expressing the H-2 b haplotype, the thymoma EL4 and the 
colorectal carcinoma MC38. As shown in Figure 14, T cells from mice 
20 vaccinated with BL6/GM in the presence of control hamster IgG produced very 
low levels of detectable IFNy production in this assay, whereas T cells from 
mice treated with anti-CTLA-4 in vivo had greatly enhanced B16-specific IFNy 
secretion. 

These results indicate that CTLA-4 blockade during vaccination with 
25 BL6/GM specifically enhances reactivity towards an antigen (or antigens) 
expressed by B16 and its variants. In addition, all splenocyte cultures 
established from mice that were long-term (3-10 months) survivors after 
combination treatment were found to specifically react with B16 and its 
variants, as tested by IFNy release after one round of restimulation in vitro 
30 (data not shown). Successful rejection of B16-BL6 coincides with the 
generation of tumor-specific T cell activity. 
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Suppression ofB16-F10 lung metastases and long-term cure by 
combination treatment. To test whether anti-CTLA-4 combined with 
vaccination would be effective against metastatic disease, 10 s B16-F10 cells 
(selected for metastasis exclusively to the lungs; Fidler, Cancer Res. 35:218- 
234 (1975)) were injected intravenously and treatment was started one day 
later. At day 25, mice were sacrificed and surface lung metastases were 
counted. Treatment with anti-CTLA-4 alone did not show appreciable effect on 
lung metastasis count compared to control IgG (Table III below). Immunization 
with F10/GM reduced the number of metastases in a few mice and in 
combination with anti-CTLA4 further suppressed lung colonization and 
mpletely inhibited pulmonary metastases in two of five mice sampled. 
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Table III. Reduced number of B16-F10 lung metastases following 
combination treatment with anti-CTLA-4 and F10/GM vaccine. 



Treatment of lung 
metastases: 1 


Lung metastasis count: 2 


Control hamster IgG 


>200, >200, >200, 25, 16 


Anti-CTLA-4 


>200, >200, >200, >200, >200 


Hamster IgG + F10/GM 
vaccine 


>200,>200, 35, 49,4 


Anti-CTLA-4 + F10/GM 
vaccine 


87, 28, 6, 0, 0 



I) 

2) 



B16-FI0 <!<?, i-v.) induced lung metastases were treated with hamster IgG. 9HI0, and FI0/GM vaccine i 
combination with either antibody on days 1, 4, and 7 post-challenge. 

Surface lung metastases were counted under a dissecting microscope. Counts are shown for each 
individual mouse, all counts over 200 were scored as >200. 



30 



Histological analysis of these lung samples demonstrated that CTLA-4 
blockade in combination with F10/GM vaccination was associated with 
infiltration of mononuclear cells in all the metastases stained and observed in 3 
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p^or-free). Neifirer an.i-CTLA-4 no, F10/GM vaccination alone rescued 
Wnipnocytic tafi.Ua.ion in tang tumors or surrounding tissue. A few 
Inorphonudear cells were observed in fire smaller metastases from nrrce 
vaccinated wifirFIO/OM in fl.epreaeneeofconuo.lgo.bu. no ex.ena.ve 

infiltrate in larger lestona in any of fire control groups. 

aeanuneeoftangn^us^sbycombinafionfieanuentwaseontaed 

m . survival experiment (Figure .5). Mice cbal.enged wifir 5x .0 B16-F10 
«US and treated with control hamster IgO all (10/10) succumbed .o tang 
^duetaextensivemeusuficdise^byday^post-tajccfi^ 

Anti-CTLA-4 by itself prolonged survival as did vaccination with ^ 
However, 13of 13 mice reeeiving fire combination treatment survived by day 
8 „,andappeamd t obecured(Figur.. 5 ).Thus,CTLA-4b,0CKade,nv i v 0 ,s 

therapeutically effective against disseminated d^eese. 

Mice «**g antcninncous B16-BL6 Honors orB16-FlO lung 
^Mps^^ep^on. Wifinn4,o8wee k a 
post-challenge, 56% (38 of 68 cured mice) of fire surviving mice developed 
deputation of the skin and hair, starting a. the sites of vaccmauon ( eft 
ftok)a „dcba..enge(bac 1 c).Moreove,,depigmenUfionwasobserveda,fi,es,.e 

of vaceinafion in a simitar proportion of mice surviving B.6-F.0 1 tang 
n^tases. Rejection of aBlfi-Bl* tamor established 8 days before start o, 
uennnen, induced fart andpro^sivedepigmentafionappearmgwi*m 25 

stronganti-mmorresponseresnlted in mprd manifestation of progresstve 
Station. Depigmentafimtmdoecnrhtmieethatreceivedeomb^on 
nInue„,taaprophy.acfics«.ing,bu,a,nre.nced fluency.— *. 
.epigmentafionwasnotdependenronfiie presence of CD4 + Tcel,s, S n,ce4of 

g CD4 dep.e.ed mice reiecting their tamor also developer! progressive 
, depigmentation (Table B, no, shown). .„ some cases, tamor-beanng m,ce 
(Ibund despita .reaunen, with a„.,CTLA4 and BL6/OM) were found ,o 
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develop small areas of hair depigmentation a. to site of progressive fumor 
grow*. Dep.gmenra.ion was never oWed in me mice ma, were Tented by 
BL6/GM-CSF vaccination wimou, CTLA-4 blockade, or in any of the other 
treatment group, These findings sugges, ma, CTLA-4 blockade aUows for the 
activation of autoreactive lymphoid cells ,ba, are speciftcalty involved ,n 
rejection of a tumor derived from me melanocytic lineage, and may also 
rnediate rejection ofnormal pigment-containing cells in me skin and ha,r 
follicles expressing pigmentation antigens. 

The foregoing date demonstiates ,ha, combination treatment of me 
W^ymmorigenic.poorlyimmnnogenicmelanomaBlb-BLeresnl.edm 

overall core mm of80%, and to, enhancing T cell activation a, early steges of 
oanor grovrth in vivo could induce rejection of primary and secondary 
challenge with B,6-BL6, in a CD8 + CTL dependent fashion. Moreover, 
outgrow* of pre-esmblished B16-F10 pulmonary meratfases was suppressed 
after a similar combination tompy schedule. Lung metastases in particular 
migh, be considered a poor source of antigen for induction of antitumor 
responses. Provision of subcuUneous antigen and Mooted, of CTLA-4 was 
sufficient ,o suppress ,ung metestesis omgrowm and enre a,, of to mice under 
ft. conditions tested, further stiessing to valid! ty of .his tompeutic approach. 

While not bound by theoo-, to po,ency of to combination of to 
vacefn. and anti.CTLA-4 antibody can likely be attributed ,o enhanced cross- 
primingofT cells by host AFC by the vacefne togetor with a highly 
po,e„tia,ed T cef. response as a resuf, of to removal of to inhibifory eftec* of 
CTLA-4 by antibody blockade. This reaulfs fn a synergistic enhancement of 
the T cef. response ,o a leve. capab.e of eliminating to preexisting mmor cell 
rnass. This could occur as a consequence of activation of a larger number of 
naive T cells due ,o a lowering of to .hreshold for activation, or a more 
susUined response due ,o temporary remova, of signals involved in terminating 
, toresponse. Rejection is accompanied by long-term memory as indicated b, 
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ft. fact that cumd rice rejected techallenge in the abse.ce of B— •« 

months after the initial treatment. 

Fo H ( ™ge ra dicntionofB16-B16<umor S 56% ofth. surviving rmce 

, ^gtitdiaanlsite, u.rf«*«*r»*-*-'»-*- 1 

hu man melanoma patients, a good correlation between autoimmnne 
depigment and improved clinical response has been documented. 
Richards CaL.J. Clin. Oncol. 10:1338-43(1992). 

in the present invention, depigmentation and tumor rejection both 
developed without introducing foreign protein sequences, indicating mat 
CTLA.4 blockade allows for (reactivation of tolerized or ignorant tmmune 
effector cells recognizing self antigens. The subject treatment provrded a 
snccessfuUong-tem, cure for mis tumor mode., as aU mice successfully treated 
in this experiment have now survived in access of eighteen months wtth no 
readily observable adverse effects other than depigmentation. 

EXAMPLE 11 
m M Biaskads i n a "rr - r EbsBS Tumor Model 

As demonstrated by the foregoing examples, the administration of 
anti-CTLA-4 antibodies is sufficient to induce the rejection of newly implanted 
and in some esses well-established tumors in seveml Implantable munne 
m systems. The effectiveness of CTLA-4 blockade in these systems 
appears to be dependent on the inherent immunogenic* of me tumor. Wbtle 
CTLA-4 blockade by itself is not effective in the treatment of poorly 
immunogenic transplantable tumors such as tire mammary carcinoma SMI 
or tire melanoma B.6, eradication of these tumors can be achieved when 
anti-CTLA-4 is administered together with an irradiated titmor cel. vacctne 
capping GM-CSF. As shown for the frs. time in Example lO.inthecaseof 
dre B16 melanoma tumor rejection is regular., accompanied by a progresstve 
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depigmentation, resembling the vitiligo that accompanies immunotherapy in 
many human melanoma patients. This result suggests that in mice, as in man, 
the anti-melanoma response is at least in part directed to normal melanocyte- 
specific antigens. 

5 Given the potency of CTLA-4 blockade combined with cell-based 

vaccines in poorly immunogenic transplantable tumor models, this study 
examined the effectiveness of this strategy in the treatment of primary prostatic 
cancer in TRAMP (TRansgenic Adenocarcinoma of Mouse Prostate) mice. In 
these mice, SV40 T antigen transgene expression is under the transcriptional 

10 control of the rat probasin promoter that directs expression of the oncogene to 
prostatic epithelium in an androgen-regulated manner. Pathogenesis of 
neoplasia in TRAMP mice mirrors that in man. When transgene expression 
begins at puberty, male TRAMP mice develop hyperplasia (5-8 weeks of age), 
frank neoplasia (8-12 weeks) and eventually invasive adenocarcinoma with 

15 metastasis to the lungs, lymph nodes and bone (15-20 weeks). Gingrich et al, 
Prost Cancer and Prost Dis 6: 1 -6 ( 1 999). 

As shown herein, CTLA-4 blockade in combination with irradiated 
tumor cell vaccines was effective in reducing tumor incidence and severity of 
prostatic lesions. In addition, there was significant accumulation of 

20 inflammatory cells in the prostates of some vaccinated TRAMP mice. Finally, 
the anti-tumor response is directed in part to antigens expressed by normal 
prostate, since immunization of non-transgenic mice with GM-CSF-expressing 
tumor cell vaccines under conditions of CTLA-4 blockade results in marked 
prostatitis. This study demonstrates the effectiveness of this immuno- 

25 therapeutic regimen in primary cancer, and indicates that prostatic tumors 

express tissue-specific antigens that may provide targets for immunotherapy. 

Methods 

Mice: All animal procedures were performed according NIH guidelines 
30 under protocols approved by the University of California Animal Care and Use 
Committee. TRAMP mice were bred within our colony on a pure C57BL/6 
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teckp ound. F^c^^TRAMP^^^c^^ 
p^oos.y described (Greanberg, e, a,. Proc. « *rf HM 92.343M3 
'""'Mice were vac.ta.ed subcutaeously — 1 x .0* ce..s each of 

^CSF-Lsduced derivatives, GMTRAMP-C./C2. To rnaxintize aoo g en,c 
^-b^^.was^-adoirio.a.rioaes.o^dayaa^ 

Even days after the initiation of vaccination, mice were rnjeoed 
, lOOHgof anti-CTLA^ (clone 9H.0,E«mp.e l)or 

LUd*— wo— — — «*<^*-*7' w 

Additions, doses ofanribody we, adnrinistered 3 and 6 days 

u^nem. Mice werofofiowed for morbidity and were entantzed wen btntor 

, 5 ^ned. Micewereentban^dattbeiadicaredageandarepro^ complex 
^crodissecednnderastereomicroscope. Trm*. incident was mtauy 
^ a, necropsy and canned by bis.opamo.ogic examination. 

m<e! ***gM •n.epros^ccamplexw.m.crod^ 
too*. individual .obes andfixedin .O—bufferod formalin. T.ssues 
,0 were processed and sarmedwimbema.oxylm and eosin for romme 

To^ogicanaiyse, TRAMP tissues were examined by light microscopy 
andscoroausmgrhefol.owingcri.eria: Normal epnhelium was assrgned a 

0( ft e epidrelium and incroaseri nucleoplasm ratio were scored as 2.0, 

25 m oro advanced PIN wi.h »o.eri cribifonn stiuCnres and increase m mnotic 

and/or apop.o.ic figures was scored as 3.0; 0, loss o, imerduOa. spaces -d 
^taasionofbasemen.membmneabyneop-as.iccpi.be.iumwasscoroaas 

1 ,0U1 ,oss of due. lumens with evidence of adenocaroinoma was scored as 
5 o'; and abee.s of anap.as.ic tumor ce.,s were scored as 6.0. To ge^a.e a 
30 scoro ,o, each anima,, the maximom his.o.ogic acoro for ft. ventral, dorsa. « 
La.pros.tc.obeswasnsed.oca.cula^n^fortatieabnen.gronp. The 
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fXr all TRAMP animals was 4.0 with few histologic 
predominant peak score for all TRAMr anin 

scores below 3.0. 

Cell Culm* TRAMP-C celU are early passage (10-15 passages - 

no»-clonal epithelioid tumor cells independently derived from a 

Cellswerepropaga.ed.neu.n.re.lngPMEM^— , 

Mm. MD) » 3 Ana. concentration of /. «U-f 
„ fMM 5 % Nu-Serum (Collaborative Bronred^ P»*~ 
Bedford, MA), 5 ins* (Sigma Chemica,, St Urn. MO), and 0.0, 

uM dihydrotestosterone. 

To oWain GM-CSF-expressing lines, cells were infected wtth a 

^virnsconUiningdnen^W^^^^^""" 6 
Mam.da.CA). Retrovirns-containing supematants were added to TRAMP C 

OM-CSP production was assay*, by ELISA (Phanningen, San Drego CA). 
^OM^-ClandOMTRAMP-secretedOM-CSPa, ^ 

^.x.0' ce..s«4 hours. Cel.s used for Urjectfon were re,eased frorn^e 

^cedsa^soln^XBlo^,. CeHa w« ^ed a. a de^of 
W 0<«Us/ml, irradiated wid, 12,000 rads using a ceaium-sonrc. ,rrad,a,or 
and injected snbcntaneously in a volume of 0.1 ml. 



^Reiuaion^ry^rlnci^inTRAMP^fol^Z 

(TRAMP-C 1/C2) orTRAMP-Cl/a transduced ,o express me munnegnw*/ 
ge „e (GMTRAMP-C1/C2) a, .4-16 weeks Cage. Antibody treatment was 
begunTdaysaflervaccination. To obtain an early indication of, be 
30 effectiveness of.be tream,ents, four mice from each group were euthamzed 
" three weeks afrer commencement of treatment and examined for rumor 
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incidence a. gross necropsy and a, .he microscopic level following 
mi crodis S ee.ion of .heprosladc lobes. While mere were no sigmfican 
differenees in mean animal or urogenital «. weigh, between -he rreadnen, 
groups, .here was a snaking difference in «umor incidence IrrespeCve of 
vaccine, U of 12 mice (92%) in .he treatment groups reeciving control 
.nbodyhadderecuhlennnor. In contrast, on,, 3 o,.2 (25%) mice rece,v,ng 
antt-CTLA-4 had detectable tumor. 

A , three weeks after treatment, the tumors in the control antrbody- 
^miceweresufficiently large to warrant concern ahout survival of the 
remaining .50 mice. Wore, ,o allow assessment of tumor inctdenceand 
nnnor grade, ore remaining 25 mice in each group were euthanized 5 weeks 
.aterCoreigh.weekaafterh^trn.nO.andmefollowingcritenaasse^a, 

gross necropsy and microdissection of the prostatic complex: animal we.ght, 
prostate weight rumor incidence, and his.opatho.og, of prostatic disease 
Similarto the analysis aOweeks after treatment, mere was no sigmfican. 
Terence in animal weigh, or pros** weight between any of the , 
groups. However, mere were significant differences in tumor incdenoe (Ftgure 
T 6 A) A significant* .ower rumor incidence was observed in mice heated wtm 
anti-CTLA-4 and eidter me TRAMP-C1/C2 vaccine (43%, P=.05) or me 

. nw p _ 00 m than in mice treated with control 
GMTRAMP-C1/C2 vaccine (33%, P-.OUy) man m 

antibody alone (69%). 

Treatment with anti-CTLA-4 alone had no significant effect on «omor 

receiving me con.ro. antibody treatmen. and .inter vacotne (55 /.TRAMP 
, s C ./C2and75^MTRAMPC./C2). Thus, neither CTLA-4 b.ookade nor 
' vaecina.iona.onewase.fecfiveatrreatingprimaryrumorsin TRAMPm.ee. 

„„wever,mecombma, i onofan,i.CaA-4andeid,ervacci„ehada S ynerg K ,.c 

effectonnmrormcidence. The expression of GM-CSF by ,hc vaccine may 
potential me a„,i-rumor response since me hamor incidence was ^» 
30 in mice vacc ta a.ed wi,h GMTRAMP-CI/C2 (33% antr-CTLA4+GMTRAMP- 
CI/C2 versus 43%-anti-CTXA-4+TRAMP-Cl/C2). 
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Because each group contained mice from litters with birthdates two 
weeks apart, tumor incidence was reassessed as a function of age at the 
initiation of treatment. As shown in Figure 16B for mice vaccinated with 
GMTRAMP-C1/C2, there was significant reduction in tumor incidence in the 

5 mice treated at 14 weeks of age (p=.003), but not in the group treated at 16 

weeks of age (p=0.1). This suggests that the stage of tumor development at the 
time of immunotherapy of TRAMP mice influenced the efficacy of treatment. 
Tumor incidence in mice treated with TRAMP-C1/C2 and anti-CTLA-4 was 
equivalent at either age of treatment and was not significantly different from 

10 control mice. 

Reduction of tumor grade in TRAMP mice treated with combination 
immunotherapy. To assess the seven* of prostate lesions in TRAMP mice, .he 
individual lobes of the prostate were prepared for routine histopatho.og.eal 
15 analysis. A seoring seale was used to evaluate .he extent of transformation or 
Hnor grade observed in the prostates of TRAMP .nice, as described above. 
The peak histological score for the ventral, dorsal or total prostate lobea was 
determined for each animal and the average for the treatment group calculated 
as a mean peak score. As shown in Figure 17A, mete was a sigmfican. 
20 reduction in the severity of lesions in mice treated with anti-CTLA-4 and either 
vaccine. Specifically, TRAMP mice treated with TRAMP-C1/C2 and 
anti-CTLA-4 had a significantly lower score (mean peak scote 4.6) man control 
Ig .treated mice (mean peak scote 5.5, p-.03). Even more striking was the 
finding that mice treated with GhfTRAMP-CI/C2 and anti-CTLA-4 had a 
25 significantly lower tumor grade (mean peak scare 3.9) man all three control 
groups: control Ig/no vaceine (p-.0OO9), control Ig/GMTRAMP-Cl/C2 (mean 
peak score 5.5. p-.0O02), and anti-CTLA-4 treatment alone (mean peak score 
4.8, p-,04). Treatment with either vaccine without CTLA-4 blockade or 
CTLA-4 blockade alone had no significant effect ou tumot grade. These 
30 findings demonstrate that in addition to reducing the incidence of primary 

temors a. 8 weeks after treatmettt, vaccination with a tumor cell-based vacctne 
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(Figure 17B). Similar to tumor tnctdetce, the tag** . _ 
K Ld in mice treated a, ,4 weeks of age. Mice treated wrtb GMTRAMP 

miC e rreated with GMTRAMP-C 1/C2 and control .g (mean peak »~S* 
- 0002) and mice .rented with c^nnol Ig alone (mean peak score-4.7, 
;LU.^ng.,,whe„^.eda..6week S o f age,^Pnr,« 
Lvingn.eOMTRAMP^.^ vaccine and anu-CTLA^meanpeak 

OMTRAMP-C1/C2 and control Ig (mean peak scored, p-.03). 

Perhaps the mos, striking histotogics! feature of these analyses was 
^edtumicetmatedwinnOMTB^Xt/aandanti^wh^ 

L was an accumulation of inflammatory cutis in the interducta. spa ~ .n 

Linthearom, -n^, *ere was no detec^ie — n of 

inflantmatcv cells in any of the contro. Ig-.rea.et. mrce. In TRAMP mt« 
ledwithaOM.CSF-uapressingvacohreaione.merewemoccastona.are. 

^inflammatory cufls were detected hu, these sites we, not as extcnst- as 
Ir^edinmiceaisoneatedwithanfl-CnA.. 

was comprised of myeloid as well as lymphoid cells. 

CTU.4 T* reduction in incidence and severity of tumors together 

weeks after immunization were indicative of a poten, tmmutte u*. 
„ f SV40 Tag raised the polity »»« the anti-mmor response was dtrected 
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against epitopes derived fiom this vh», oncogene. We 
by RT-PCR, nor were to tumor cells lysed by CTL reactive agams. 

Mvlin Pennsylvania State University). 

' Xo determine whether the immune response elicited by the 
regim e„ was limited to oncogene-encoded aMigens, „o„-uansgenic C57/BL6 
P , vacated and the prostates examined for evidence of inftammattou 
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15 



20 



25 



mice were 'v«»w~ - . „,„ 

28 days later. There was no evidence of significant inflammaUon or «ssue 

^ in to dorsolateta. or vemml lobes of to prosta.es of mica vacctnated 
with to GMTRAMP-C./C* vaccto only. However, tore -««""»• 

^ereproducfivebacrutcludingtodorsoltoralprosutemmtccvcc^ed 

with GMTRAMP-C1/C2 and treated with anti-CTLA-4. These r6 ^^^ 
ncmonshate to. to response elicit by to vacehrahon regunen . dtrecter. 
par. to antigens expressed by normal prostate cells. 

The foregoing data demonstrates to. CTLA-4 blockade can be 

place an effective treatmen, regimen for to fieamren. of prmwy tumors. 

The reduction of born tumor incidence as we,, as histo,o*ca, tumor grade 

indicates to. to combination of a ceM-based vaccine together wdh 

anti-CTLA-4 was sufficient to s,ow to profession of primary prosta »c 

m U is no. surprising to. to immune ayarem „ unab.e 
ebnrinaK tumors in tbiaagyeasive model, bu, it la remarkable to. an 

anti-temor immune response can have a significant impact on *■« 

profession in a situation where an entire organ is undergoing 
Theabil^ofaceU^vacetomcomhiuafionwimCTLA^^ 

significantly reduce hrmor incidence and burden in to aggres,ve TRAMP 
roodel underscores to remarkable efficacy of mis immunotorapeubc 
approach. 
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TRAMP mice treated with either the vaccine or antibody alone had no 
reduction in tumor incidence or tumor grade whereas the combination of both 
resulted in a significant reduction in both criteria. This suggests that an 
additional source of antigen from the cell-based vaccine contributes to T cell 

5 priming, which is enhanced by blockade of CTLA-4/B7 interactions. The fact 
that tumor incidence and tumor grade were lower in mice that received the 
GMTRAMP-C 1/C2 vaccine than those receiving the TRAMP-C1/C2 vaccine 
suggest that the effect is enhanced by the recruitment and activation of APCs 
by GM-CSF expression. 

1 o Vaccination of non-transgenic mice with the same therapeutic strategy 

demonstrated to be effective for treatment of TRAMP mice led to autoimmune 
prostatitis and destruction of some prostatic epithelium. This finding suggests 
that the vaccination approach is capable of inducing an autoimmune response 
against normal prostate antigens. These results further support the idea that 

1 5 effective tumor immunity is, in fact, closely tied to autoimmunity. 

Rather than being viewed as a troublesome side effect of tumor 
immunotherapy, the intentional induction of autoimmunity to defined 
tissue-specific antigens can provide a practical strategy for the generation of 
effective anti-tumor responses. As demonstrated herein, the CLTA-4 blockade 

20 of the present invention provides an effective immunological treatment of 
tumors arising from non-essential tissues. 

EXAMPLE 12 

CTLA-4 Blockade Induces Immuni ty To Peptides 
25 Derived from Normal Mela noma-Specific Proteins 

gplOO is a melanocyte-specific protein identified as a frequent target of 
T cells from human melanoma patients. Previous work had shown that mice 
could not be immunized with peptides derived from the normal mouse 
30 peptides, but that immunity to the mouse peptide could be obtained if mice 

were immunized with the corresponding human sequence. This suggested that 
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inmun iza, i o„v ri U 1 hu m a„b rok e.o.c ra »ce.o«hemou S e,a.lo» i ng«he 

^ of — nity. This study was dieted « de,ernumng whether 

CTLA-4 blockade could bo effective in inducing autoitnmuntty to the 

syngeneic mouse peptide. 

5 S p<e„iedendridccens(DC)we re iso.a,e< i fron 1 C57BL6m,ce(H-2b) 

by conventional techniques. DCs were then incubated with or without tan H-2 
binding peptide corresponding to the nonna, mouse gplOO sequence (Mgp.00). 
A, day -21 mice were immunized with peplide-pulsed or -onpulsed DC 
f„„owed b, injection of lOOpg and-CTLA-4 (MAb 9H.0) or confrol hamster 
10 antibody <MAb5o0). At day- 1 4and.7mem i cewercboos,e,byi„ j ec,,o»of 
appropriat.DCs.bu.wiU.outanyanuhciyhcannent. At day 0 mice from each 
treatment cohort were separated into two groups for anaiysts. 

Group A: Lymph node T cells were purified and examined for abtltty 
.oproduceffNytnresponse to stimulation by syngeneic antigen-presenting 

15 cafispulsedwithMgpm As shown 1. Fignte 18, only mice it— 
audereonditionsofCTLA^bloekademadesignificantamonnUoflFNY. 

Group B: Mice were challenged with B16 melanoma cells mtp.tm.ed 
subeutaneouslyonthebaoh. Tumor grow* was assessed by measunng 
oiameterinrwodimensionausingcalipers. As shown in Figure .9 ordyrhe 

2 „ grouptmmum^underconm.ionsofCTLA^b.ochadeshowedinhtbmonof 

tumor grow*. Althongh ail the mice eventually succumbod to tumor, thts 
resul, shows the induction of a very effective anti-tumor response. 

Theforegoingexamplesprovidecompe.lingsupportforthenterapeu.ic 

CTLA4 as a sfra.egy for enhancing anti-.un.or spouses by induction of 
immunity to tissue-specific self antigens. 
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^.icaoon were specify an, individually indicated ,o be incorporared by 

way of d— and examp.e for purposes of Can* 

of tbis invention ma. certain changes and modify may be made thereto 
^departing a™ me spin, or scope of me appended ciatms. 
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(iii) NUMBER OF SEQUENCES : 2 
(iv) CORRESPONDENCE ADDRESS: alBRITTON & HERBERT LLP 

W JSSJZ? Snter. Suite 3400 



s»»s: 3,00 

15 j c) CITY: san Francisco 

(D) STATE: California 

(B) COUNTRY: USA 

(F) ZIP: 94111-4187 

(D) SOFTWARE: Patentln Release ffi. . 

(vi ) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) TELEFAX: (415) 398-324* 

40 (2) INFORMATION FOR SEQ ID NO:l: 

Ml SEOUENCE CHARACTERISTICS: 
{U ^ A)LENGTH : 35 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS: single 
45 ( D ) TOPOLOGY: linear 

50 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
55 TTACTCTACT CCCTGAGGAG CTCAGCACAT TT6CC 

(2) INFORMATION FOR SEQ ID NO:2: 

Oi <i) SEQUENCE CHARACTERISTICS : 

W (A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 <»' -grsszttz^zE- 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TATACTTACC AGAATCCGGG CATGGTTCTG GATCA 
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WhatjLclailSSiis: 

: to a self antigen, 



1. A 



m ethod for stimulating an immune response 
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comprising: ive dose of a se lf 

effective to increase the respond 
antigen. 

autoreactive T cell. 

4 The »M of Cairn 3, — * - «— - 

5 . The ^od of CUta 4, wherein said cytoBne is OM-CSF. 

6 . Tne^ooofC.ai^.whereios.idseifan.igencompnsesa 
purified antigen. 

• „ tr^l tro2 melanA/MARTl,gpl00, 
^ the group consisting of tyrosinase, trpl trp2, m 

prostate ^^l^^^^^^ 
P • n>MSA^ prostate stem cell antigen (PSCA), 

specific membrane antigen (PMSA), prosta 
prostase and Her2/neu. 



30 
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8 The method of Claim 1. wherein said CTLA-4 blocking agent 
and said se.f antigen prepamnon are combine* will, said mammaHan T ceil 
simultaneously. 

9 A composition for stimulating an immune response to a self 

10 . The composition of Claim 9, wherein said self antigen 
preparation comprises a purified antigen. 
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n . The composition of Claim 9, farther comprising an immune 
response stimulating agent. 



PCT/US99/28739 



WO 00/32231 



1 / 22 



AVERAGE 
TUMOR 100 
SIZE 

(mm 2 ) 75 



F/G— 




t t t 



— i r— 

15 20 25 

DAYS POST TUMOR 
INJECTION 




WO 00/32231 



150- 



125- 



100- 



75- 



AVERAGE 
TUMOR 
SIZE 50 
(mm 2 ) 



25- 



0- 



PCTAJS99/28739 



2/22 



i — i — r 



i — i — i r 



CONTROL Ab 
ANTI-CTLA-4 




ihhhh/ 



FIG.-1B ttt 



-i 1 1 ^\ II' 1 

10 20 30 40 50 60 70 80 

DAYS POST TUMOR 
INJECTION 



90 





INJECTION 




till INJECTION 



PCI7US99/28739 



WO 00/32231 



300 
250- 

200- 

AVERAGE 
TUMOR 150 "l 
SIZE 

(mm 2 ) 1Q0 _ 
50-1 



4 / 22 



10 



F/G.-5 ttt 



T 



T 




-o- Sa1N ONLY 

CONTROLAb 
_D- ANTI-CTLA-4 



40 



20 30 

DAYS POST TUMOR 
INJECTION 



T 
50 



T" 

60 



300 



250- 



200- 




AVERAGE 
TUMOR 15Q _ 
SIZE 



100- 



F/G- 2 



CONTROL (5/5) 
ANTI-CTLA-4 DAY 7(2/5) 
ANTI-CTLA-4 DAY 14(2/5) 
ANTI-CTLA-4 DAY 21(5/2) 




30 40 
DAYS POST TUMOR 
INJECTION 




FIG.-6A 




FIG.-6B 




FIG.-6C 




FIG.-6D 




WO 00/32231 



8000 



6000- 



CPM 



4000- 



2000 



7 / 22 



ANTIBODY 
GIVEN 
DURING 
PRIMING: 
— □ — Ctrl 
— ♦- 9H10 



[KLH] ug/ml 



FIG.-7A 



PCT/US99/28739 




100 



8000-r- 



6000- 



CPM 



4000- 



2000- 




CELL NUMBER 



FIG.-7B 



1000000 



WO 00/32231 




PCTAJS99/28739 



8 / 22 



8000 



6000- 



CPM 



4000- 



ANTIBODY 
GIVEN 
DURING 
PRIMING: 
— o- Ctrl 
9H10 



10ug 



2000- 




100 



FIG- 



[KLH] ug/ml 

7C 



8000 



6000- 



CPM 



4000- 



2000- 



ANTIBODY 
GIVEN 
DURING 
PRIMING: 
-o- Ctrl 
9H10 



10ug 



0 

100000 




Cell Number 



FIG.-7D 



1000000 



WO 00/32231 




PCT/US99/28739 



9 / 22 



8000 



6000- 



ANTIBODY 
GIVEN 
DURING 
PRIMING: 
-o- Ctrl 
—•— 9H10 



1 pg 



CPM 



4000- 




FIG- 



100 



8000 — 




i 




6000- 


ANTIBODY 
GIVEN 
DURING 
PRIMING: 

— d — an 

— 9H10 


1 pg 




CPM 

4000- 








2000- 
n 


• 


i 





100000 Cell Number 

FIG.-7F 



1000000 



WO 00/32231 



10 / 22 



PCTAJS99/28739 




WO 00/32231 




PCTAJS99/28739 



11/22 

250 n 1 r~ 




DAYS POST INJECTION 

F/G.-/OA 





DAYS POST INJECTION 




DAYS POST INJECTION 



WO 00/32231 

14 / 22 



PCT/US99/28739 



CO 

+ 

o o 



C/i 

s 



-*-» 

a 

OS 

S3 



'vZ 




X 




d 




s 


J 


s 


o 


a 


o 


vS 


v2 
>-* 




.CQ 


CO 


CO 


+ 


-f 


+ 










< 


< 








H 


P 


H 




U 
i 


U 
i 








c 


s 


c 

CJ 



< 



a 

CJ 



HUM 




a 

CJ 

o 

CO 

o 



(^inui) azis JOiunj 



U831U 



WO 00/32231 



PCT/US99/28739 



15 / 22 



SZ 




I 

.5 
O 
& 

U 
4> 
+■» 

E 

+ 

S 
o 

vo 



o 
c 

CI 

c 

o 

Cu 



ran i w 












g 


CO 


1 


1 


CO 


s 





I 

VO 

s 



eg q 

□ a 



a 

a 



-SI 



-01 



-S 



oo 
to 
U 



WO 00/32231 



17 / 22 



PCT/US99/28739 



1 n 




AnMbo dy c,„ «. c,r, . ; «,. 4 .n. 1;> a T n« A . 4 

Treatment *9 19 y 

tramp rwiTRAMP- a TRAMP- GMTRAMP- 

Vaccine none GM c T 1 R ,c2 n ° &1/C2 C1/C2 

(*=X2 vs. Ctrl Ig/no vaccine) 



WO 00/32231 



# 



18 / 22 



PCTAJS99/28739 



a 
o 

V. 

O 
<D 

z 



O 

c 

"o 
c 



o 
E 

3 



1-1 



0.75- 



0.5" 



0.25- 



x x x \ \ v x." 



V X ' 



> ✓ / ✓ ✓ 

X X X X X ' 
> S S S ' *** 

* * f * * 

> x x X x x _ 



age at treatment 

□ 14 weeks old 

□ 16 weeks old 



'P = 0.003 



"Tyy / / ✓ ✓ > 
k X x x x x x \ 

k X X X X X X X 
V / / * * ' * * 

XX XX X X X X 
XX X XX XXX 

VxVx'x'x'x'x. 
xVxVx'xV^ 
^'x'x'x'xVx, 



x x x x'x'x x x . 

✓ V ✓ ✓ ' ' ' ' 



xVx'x 



» x'x'x'x»> . 
/ ✓ ✓ ✓ /_ A ' 

X X 



Antibody 
Treatment 



Ctrl 



anti- 
CTLA-4 



Vaccine 



none 



GMTRAMP-C1/C2 



(*=X2 vs. Ctrl lg/no vaccine, 
treated at same age-14 weeks) 



WO 00/32231 



19 / 22 



PCT/US99/28739 



O 
o 

0) 

.2 
"5> 
o 

o 
« 

CO 

© 

Q. 

c 

CO 

o 
E 



Antibody 
Treatment 



***P=.04 
**p=.0002 



ctrl 



anti- Ctrl 
CTLA-4 tg 



*P=.03 

T 




Vaccine 



none 



none 



GMTRAMP- GMTRAMP- TRAMP- TRAMP-C 



C1/C2 



C1/C2 



C1/C2 



1/C2 



*=vs. ctrl lg/no vaccine 
**=vs. Ctrl lg/GMTRAMP-C1/C2 
***=vs. anti-CTLA-4/no vaccine 

Statistically Significant Using 
Fisher.Scheffe.Bonferroni/Dunn Tests 



n a 



WO 00/32231 



* • 



PCT/US99/28739 
20 / 22 



age at treatment 

□ 14 weeks old 

□ 16 weeks old 



o 

w 

O 
O 



G5 

o 

O) 

o 
o 
w 
X 

CO 
0> 
CL 

c 

(0 
<D 



5- 



4- 



2- 



1- 



K ->;>>>>>; 

. >kX X X X X X 
XX X ✓ ✓ 



h X 

✓ 

x 



K \ v v v 

p * ✓ ✓ ✓ . 

. V \ X X 

✓ x x - 



x x x x x x x 

fXXXXXX X 
XX XX XX X 

f ✓ / x x xxx 

kXXXXXXX 
X X X X X XX X 

v X * • * "' *• " 

'xVxV'xVV'y 

w X X X XX XX 
-✓✓✓XXX. 
X \ X X X X X 

, ✓ / ✓ ✓ xx 

^XXXXXXX 
*✓ X X X ✓ X XX 
. X X X X X X X 
✓ ✓✓✓XXX. 
. X X \ V X X N 
X X X X X X X 

- - - ✓ ✓ X. X ✓ 



>Vx x x v x>\ 

X X X X X X 



y ✓ ✓ 



» X X X X X X X 

✓ ✓✓XX ✓ ✓ / 
- «. s X X X 

X X X ✓ 
- * X X X 
✓ ✓✓✓XX 
. X X X X X X - 

✓ ✓ / X X X X X 
» X X X X X X X 

✓ x x X ✓ X X ✓ 



v X , 



*P = .0002 



■W/VyVAl 

X X X XX X 



X - 



X X X X X 
/ ✓ ✓ ✓ 
. . X X X X X 
X X X / / XX 
xxxxxxxx 

xVx'x'x'x'x'x 

x'x'xWx'x'v 

✓ ✓✓✓/XX. 
X X X X X xxx 

x ✓ ✓ ✓ /xx, 
xxxxxxxx 

✓ xxx/ XX. 
xxxxxxxx 

✓ X X x xxx. 

X X X X \ XX 

✓ ✓ ✓ ✓ /xx. 
xxxsxxxx 

✓ ✓✓✓/XX 
XXX X X xxx 

•✓✓✓✓✓ / x 
xxxxxxxx 



Antibody ctrl anti- 

Treatment >9 CTLA-4 



GMTRAMP-C1/C2 

Vaccine none 



*=vs. Ctrl Ig/no vaccine and 
ctrl lg/GMTC1/2 



PCTAJS99/28739 

WO 00/32231 

21 / 22 

IFN-Y Production after Peptide 
Stimulation In Vitro 



s 



C 

.£ 

T3 

O 

85 



7.5- 




TFN-gamma 



Groups 



PCT/US99/28739 

22 / 22 





ONAL SEARCH REPORT 



ime. ^^B; 



Inte. ■ Application No 

99/28739 



A. CLASSIFICATION OF SUBJECT MATTER , , , . 

IPC 7 A61K39/395 A61K39/00 //A61K48/00,C07K14/53,(A61K39/395. 
39:00) 

According to international Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foOowed by classification symbols) 

IPC 7 C07K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J 



Citation of document, wfth indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 97 20574 A (REGENTS OF THE UNIVERSITY 
OF CALIFORNIA) 12 June 1997 (1997-06-12) 

example 9 

claims 

-/-- 



1-11 



LH 



Further documents are listed in the continuation of box C. 



Patent family members are fisted in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

fifing date 

V document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cfled to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such cornbination being obvious to a person skiPed 
in the art. 

document member of the same patent famfiy 



Date of the actual completion of the international search 

24 March 2000 


Date of mailing of the international search report 

07/04/2000 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rfcwijk 
Tel. (♦31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Noolj, F 



Form PCT/TSA/210 (second srwot) (July 1992) 



page 1 of 3 



IONAL SEARCH REPORT 



pct; 



Application No 

r 99/28739 



' ^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - 



Citation of document, with ino^ioawhere appropriate, of the relevant passages 



Relevant to daim No. 



A. HURWITZ ET AL.: "CTLA-4 blockade 
synerglzes with tumor-derived 
granul ocyte-macrophage col ony-stlmul ati ng 
factor for treatment of an experimental 
mammary carcinoma." nt - 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF THE U.S.A. 
vol. 95, no. 17, 

18 August 1998 (1998-08-18), pages 
10067-10071, XP002133809 
Washington, DC, USA 

page 10067, right-hand column, line 44 
-page 10068, left-hand column, line 11 
page 10070 

VAN ELSAS ET AL.: "Blockade of CTLA-4 
combined with a GM-CSF vaccine cures mice 
from the highly tumorigenic, poorly 
Immunogenic melanoma B16-BL6, and Induces 
depigmentation." 
THE FASEB JOURNAL, 
vol. 12, no. 5, 

20 March 1998 (1998-03-20), page A908 
XP002133810 
Bethesda, MD, USA 
abstract # 5258 

WO 98 42752 A (BRIGHAM AND WOMEN'S 
HOSPITAL INC.) 1 October 1998 (1998-10-01) 
claims 27-30 

page 2, line 21 -page 3, line 9 

C. THOMPSON ET AL.: "Emerging role of 
CTLA-4 as an immune attenuator." 

vol^^no. 4, October 1997 (1997-10), 

pages 445-450, XP000891379 

Cambridge, MA, USA 

cited in the application 

page 446, right-hand column, line 28 - 

line 44 

E. CEPERO ET AL.: "Potent Inhibition of 
CTLA-4 expression by an ant1 -CTLA-4 

ribozyme." ^ rmn ~„ 
BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, 
vol . 247, no. 3, 

29 June 1998 (1998-06-29), pages 838-843, 

XP002133811 

Duluth, MN, USA 

abstract 

-/-- 



Foot* PCT/ISAtftO (continuation of socond sfw«t> (JiJy 1 992) 



1-11 



1-11 



1-3,9 



1-3,9 



1-3,9 



page 



INTERtiAT 



TIONAL SEARCH REPORT 



plication No 

PClWf 99/28739 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation at document with irxfication.wnere appropriate, ot the relevant passages 



Relevant to claim No. 



WO 90 05541 A (THE REGENTS OF THE 
UNIVERSITY OF MICHIGAN) 
31 May 1990 (1990-05-31) 
the whole document 



1-11 



Form PCT/ISV210 (confriuaticn ot tecond shMt) (July 1932) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



ii *crnational application No. 
PCT/US 99/28739 



Box 



|" Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This 



international Search Report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 



1 ' ^ beStt^ relate to subject matter not required to be searched by this Authority, namely: 

Remark- Although claims 1-8 (partially, as far as an in vivo method is 
concerned) are directed to a method of treatment of the human/ 
animal body, the search has been carried out and based on the 
effects of the compound/composition. 

2 - D *S relate to pans of the international Application *at do not comply with the prescribed requirements to such 
Sr^Smttet % .mart*, international Sear* can be carried out specifically: 



3. I 1 Claims Nos.: 
— because they are 



dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4<a). 



Box 



II Observations where unity of Invention is lacking (Continuation of item 2 of first sheet) 



This 



international Searching Authority found multiple inventions in this international application, as follows: 



I I As all required additional search tees were timely paid by the applicant, this Internationa. Search Report covers an 
I — I searchable claims. 



2. n As al searchable claims could be searched without effort justifying an addition* fee. this Authority did not invite payment 
1 — 1 of any additional fee. 



3. n As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
a U ^ o^m^se ctaJrr£ for which fees were paid, specifically clafcns Nos.: 



4 n ^r^rredadrfrtior^seaxchfees 

L ~ J restrict^ to the invention first mentioned in the claims: it is covered by claims Nos.. 



Remark on Protest 



j~J The additional search fees were accompanied by the applicant's protest 
j~| No protest accompanied the payment of additional search fees. 



Form PC17ISA/210 (continuation of first sheet (1)) (July 1998) 



INTEW^TIC 



LTIONAL SEARCH REPORT 

' ^INmIm on patent family member* 




Application No 

'S 99/28739 



1 

[ Patent document 
cited in search report 


Publication 
date 


Patent lamHy 
member(s) 


Publication 
date 


WO 9720574 A 


12-06-1997 


US 
US 

AU 
CA 
EP 


5855887 A 
5811097 A 
1147397 A 
2239448 A 
0865293 A 


nc-ni-lQQQ 

22- 09-1998 
27-06-1997 
12-06-1997 

23- 09-1998 


| WO 9842752 A 


01-10-1998 


AU 
EP 


6703198 A 
0970128 A 


20-10-1998 
12-01-2000 



W0 9005541 A 31-05-1990 



AT 
CA 
DE 
DE 
EP 
ES 
GR 
IL 
JP 
OP 
US 



175878 

2003455 
68928915 
68928915 

0445228 

2129020 
89100776 A,B 
92382 A 

2883201 

4502009 

5883223 



T 
A 
D 
T 
A 
T 



B 
T 
A 



15- 02-1999 
23-05-1990 
04-03-1999 
09-09-1999 
11-09-1991 
01-06-1999 
31-12-1990 
29-12-1994 
19-04-1999 
09-04-1992 

16- 03-1999 



Foon PCT/SAftlO (patera tan*y *»<•«) (.My I »«) 



